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FORTY QUESTIONS IN OTOLARYNGOLOGY 
(SUGGESTION BOX FOR YOUNG INVESTIGATORS) 


ARTHUR W. ProeEtz, M.D. 


Sr. Louis, Mo. 


A. fool can pose questions wise men cannot answer. 


Fortunately for me, I have been cast today in the former role, and 
it should be no arduous task to propound some thirty or forty ques- 
tions for your solution. 


To be sure, answers have been forthcoming to most if not all of 
my questions, for the medical man through the ages must have an 
answer to everything, no matter how implausible. Furthermore, I 
am convinced that some of our most widely accepted "truths" will 
be modified in the future, as they have in the past. Observes Wright, 
"Some of the passages in the writings of the Aesclepiadae seem ridicu- 
lous to us, but we should keep constantly in mind the charity which 
our successors in their histories will have to extend to the productions 
of our own times. Indeed, in looking over the various commentaries 
on Hippocrates from Galen's time to our own, it is curious and not a 
little amusing to observe how careful each critic is to point out the 
errors Hippocrates committed in not being in accord with the doc- 
trines of the critic's own time, which are now as obsolete as those 
of Hippocrates." 


To just what degree the following problems may have approached 
solution is apt to be a matter of personal opinion, depending upon 
whether one finds acceptable or not the best investigations to date. 
Let us begin with the nose: 


No. 1. What is the nature of the sense of smell? Publications 
on this subject, which between 1850 and 1900 reached to almost 
900, have dwindled to a mere handful since the turn of the century 
now half-gone. One reads of sporadic experiments with insects, but 
they do not improve materially upon those of Fabre, and it is still 
an open question whether the olfactory function is chemical in 


Read before a joint meeting of the Section on Otolaryngology of the Southern 
Medical Association and the St. Louis Nose and Throat Club, November 16,, 1950. 
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nature, or the result of vibrational resonance, or neither, or possibly 
a little of both. 


No. 2. The function of the sinuses. Textbooks still mention 
these casually as "adding resonance to the voice," "heating inspired 
air," "moistening inspired air," "redistributing air" (whatever that 
may mean), and “lightening the skull." Two of these apply in an 
unimportant degree, the rest can be demonstrated as false. That 
sinuses serve in keeping the heads of terrestrial animals afloat when 
they are forced to take to the water, that they act as insulators against 
heat and cold, and that they occur incidentally during the reposition- 
ing of facial bones after ossification has taken place: all of these 
are true, but may be incidental to some more fundamental purpose. 


No. 3. Origin of sinuses. Are they the result of a primordial 
urge of the nasal mucosa to invade bone as has been suggested? 
Probably not. Absence of osteoclasts makes it unlikely that they 
result from a hollowing-out of bone such as has been described in 
the so-called bony cysts of the turbinates. To say that they are the 
result of the natural processes of growth explains nothing. It was 
“known” until very recently that their early development can be 
stunted by infection, as noted by Wittmaack in the case of the 
mastoid cells. Now this is seriously questioned. 


No. 4. The nature of ostia—why are they present and why 
so small? 


Obviously it is necessary to have some communication between 
the rigid sinus cavities and the atmospheric air in order to prevent 
pressure disturbances, and presumably the smallest possible opening 
is desirable to render the cavity as nearly closed as possible, and still 
to permit interchange of air. This latter assumption gains weight 
from the fact that in the dog’s frontal sinus, for example, there is 
a thin lamina, a partial septum, rendering the inlet more tortuous, 
and reducing the free circulation of air. 


It is unexplained also why the cilia change their direction of 
beat in the region of the sphenoidal ostium during the formation of 
the sinus, so that in the upper portion of the cavity ciliary beat will 
not be away from the ostium, as it would have been without this 
change of direction. 


No. 5. Vacuum in the sinuses. There are several theories for 
this. First the absorption of air, which is difficult to prove unless a 
specific absorption takes place, which has not been demonstrated. The 
normal interchange of gases should result in a slightly positive, in- 
stead of negative, change in pressure. It is possible that the swelling 
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of the mucosa may drive out the air, and that the region of the ostium 
may remain swollen and closed, while there is a recession of the 
edema elsewhere. This is logical but so far unproven. Hilding has 
shown further that the ciliary propulsion of thick mucus, out through 
an ostium, may occur faster than it can be replenished by the glands 
and thus produce negative pressure. 


No. 6. What is a sinus headache? Presumably the result of 
tension produced by a vacuum, but experiments suggest that the 
sinus lining is not sensitive except in the neighborhood of the ostium. 
Whether this applies to an inflamed mucosa, as well as a normal one, 
has not been made quite clear. There is evidence that a positive 
pressure may exist in an obstructed sinus during headache. 


No. 7. There is much that remains unknown regarding nasal 
cilia. Why do they beat, always, in one direction? What makes 
them beat at all? It has been shown that in some of the lower animals 
continuity of wave propagation is a nerve function. In the human, 
however, no continuous waves occur and since cilia may persist in 
beating upon a single cell, or even a cell fragment after that cell 
has been teased away from the the general mass in a culture medium, 
the beat impulse must be inherent in the cell. It remains unexplained 
also why the ciliary beat is always toward the pharynx and why, 
after an injury or denudation, the direction of beat in the new tissue 
conforms to that in the old. Also, why does normal regeneration 
sometimes occur after a complete stripping of the sinus wall and at 
other times fail completely? 


No. 8. Congenital choanal atresia. Why is it that in this con- 
dition although obstruction persists for many years, infection and 
hyperplasia of the nasal structures and the eustachian tube do not 
take place, although these are characteristic of obstruction brought 
about by other agencies which have their beginnings some time after 


birth? 


No. 9. What is the nature of a sneeze? Is it the cause or the 
effect of sudden changes in the engorgment of the turbinates? The 
accompanying "goose flesh," which pervades other portions of the 
body the same time, would indicate the latter; or would it? 


No. 10. What is the nature of the superposition of stimuli by 
which a half-baked sneeze can be brought to fruition? This seems 
to be effective only if the added stimulus is one of light. A similar 
reaction does not follow strong taste stimuli such as salt on the 
tongue, or tactile ones such as a finger prick; in fact, sharp noise 
may serve to sidetrack the half-developed sneeze. 
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I know of a case, however, in which moderate tactile stimulation 
with the finger or with a hair brush at the hairline in the frontal 
region will promptly and invariably produce sneezing. 


No. 11. Cerebrospinal rhinorrhea. What are the causes and 
the nature of the spontaneous type? Why is it likely to be inter- 
mittent? What prevents prompt infection of the meninges? 


No. 12. What are the effects of the endocrines on the respira- 
atory system? There is evidence that the pituitary and the adrenal 
glands influence the status of the nasal mucosa in some degree and 
under some circumstances. It has been shown that the thyroid hor- 
mone, and especially the lack of it, produces altered tone and an 
increased sensitivity to infection and histamine. The exact mech- 
anism of these phenomena has not been explained. 


No. 13. The intimate connection between the nose and the 
genital organs has received not infrequent attention, but the nature 
of these relations remains vague. So-called vicarious menstruation 
from the nose has latterly been interpreted as merely nonspecific 
bleeding, resulting from the general congestion. Vascular changes 
in the nose accompanying genital tumescence and detumescence may 
fall into the same category. The recurrence of polyps during suc- 
cessive pregnancies also requires explanation. In the late '90s Fliess 
wrote a monograph on the relationship of the nose and the genital 
tract; however, he allowed himself to be caried away by his subject 
to a point which made it difficult to distinguish between fact and 
fancy, thus greatly impairing the value of his work. 


No. 14. Atrophic rhinitis. Practically everything about this 
disagreeable disease requires explaining; its cause, the nature of the 
atrophy and above all the treatment. This last falls into two meth- 
ods of approach, the mechanical reduction of the air spaces and the 
attempted regeneration of the mucosa through the administration 
of the female hormone. The first is only partly successful; the 
second, based on purely theoretical grounds, even less so. 


No. 15. Idiosyncracies to drugs. In rhinological practices the 
hypersensitivity to cocaine and pontocaine is probably the most serious. 
Idiosyncracies to atropine, codeine, aspirin and morphine can be 
troublesome. In this connection may be mentioned also that ter- 
rifying but quite hypothetical condition formerly designated as 
"status lymphaticus." 


No. 16. The relationship of sinusitis to retrobulbar neuritis. 
Considerable controversy has arisen from time to time as to whether 
or not such relationship exists. It has been both affirmed and denied 
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by observers of more than average ability. A direct connection be- 
tween the nasal sinuses and the optic nerve has been described. 
Usually the effect of nasal operations upon the condition have been 
attributed to the resulting decompression. Leon White, who devoted 
much of his life and work to the study of the relationship between 
the optic nerve and its foramen, and was convinced that the pres- 
sure of a small foramen could be responsible for the condition, was 
later obliged to concede (and had the courage to do so) that he was 
mistaken. 


No. 17. Sinuses and mental disease. Some fifteen years ago 
two English investigators, Pickworth and Graves, through a series 
of published papers stimulated considerable interest in the possible 
relationship between infected sinuses and the various delusional states. 
Apparently little was done by others, either to confirm or to disprove 
their contentions, and the problem, still unsolved, seems to have 
disappeared from the medical prints. 


No. 18. The sinuses and rheumatism. The position of the 
sinuses in the róle of foci of infection has not been well established, 
although most writers regard it as relatively unimportant. Writers 
are agreed that where sinus infection exists, in cases of rheumatism 
and other similar remote affections, it should surely be eradicated. 
They are less in agreement regarding the results obtained. 


No. 19. Juvenile nasofibroma. This fearsome tumor requires 
explanation both as to etiology and location. Springing as it does 
from a region not especially vascular, its structure also requires 
explaining. The details of its management are likewise controversial 
especially regarding the value of irradiation either with or without 
subsequent surgery, the method of removal, and the necessity of 
preliminary carotid artery ligation. 


No. 20. Malignant granuloma. This uniformly fatal lesion 
defies classification and treatment. The most recent comprehensive 
review of the condition is probably that which Lierle published some 
three years ago. The prognosis is still hopeless. 


No. 21. Familial telangiectasis. This is another of the dis- 
tresing and sometimes fatal conditions of undetermined cause and 
development. This hereditary deficiency in the components of the 
vascular walls is probably best managed at the present writing by the 
persistent, painstaking and systematic application of high-frequency 
desiccation as described by Figi, although the treatment cannot be 
said to be universally accepted. 
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No. 22. The common cold. Despite the antihistamine bubble 
which has burst damply in our faces, the common cold continues 
an unsolved problem. We do not know what it is, how to prevent 
it, or how to cure it. 


No. 23. The function of the tonsil. A generation or so ago, 
the question of tonsil function was uppermost in many minds. It 
was suggested that the tonsil is a hemopoietic organ; that it is a 
filter against bacteria; that it has an internal secretion; that it elab- 
orates antibodies from absorbed bacteria. Wright discovered, for 
example, that bacteria which did not ordinarily penetrate the tonsil 
could be made to do so by coating them with butter, an interesting 
observation which aroused only passing attention. 


No. 24. The action of the epiglottis. In earlier days it was 
assumed without much actual investigation that the epiglottis was a 
trap door to prevent the entrance of food and other solid material 
down the glottic chink. Later it was authoritatively stated that the 
epiglottis was actually a rigid structure which protected the glottis 
by diverting food and drink to the sides and into the pyriform fossae, 
and it was pointed out that no muscles exist which could turn 
down the epiglottis as a trap door. 


Only last spring, in San Francisco, a strip of radiological motion 
pictures was exhibited by Saunders and his associates which seemed 
to show that the larynx rising during deglutition forced the epi- 
glottis against the tongue in such a manner as to tilt it backward to 
cover the glottis. Some of the foremost endoscopists are still not 
convinced by the demonstration, and the action of the epiglottis 
remains among the unsolved problems. 


No. 25. The purpose of a yawn. The nature of this interest- 
ing phenomenon is not only unexplained in most texts on physiology, 
but is completely ignored. It is not to be found in the indexes of 
any of the volumes at my disposal. The dictionary shrugs it off 
as "an involuntary deep inspiration with the mouth open:" a feeble 
definition, if I ever saw one. 


It would appear at first consideration that this deep inspiratory 
effort might be for the purpose of increasing the oxygen intake, but 
since it lasts three or four times as long as a normal inspiration it 
would seem to defeat its own purpose. 


No. 26. The eustachian orifice and its environs. This prob- 
lem, which seemed completely solved for many years until the exig- 
encies of aerial warfare once more focused attention upon it, seems 
still to require some investigation. The causes of so-called aero-otitis 
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media and the attempt to combat it by irradiation of its lymphoid 
constituents evoked a more careful study of the distribution of these 
tissues. Some, as yet unpublished, work by Semenov delves further 
into the unknowns of this region. 


No. 27. Lingual pain and the menopause. The onset of un- 
explained glossopharyngeal neuralgia at and after the menopause re- 
quires explanation as does the self-limiting nature of this excruciating 
pain. 


No. 28. Parageusia in the aging. Probably closely associated 
with the last category of symptoms is the bitter taste complained 
of by women in the fifth and sixth decades of life. The presence and 
the self-limitation of the symptom require explanation, as does the 
fact that it occurs almost exclusively in women. 


No. 29. The nature of the passage of infection between the 
pharynx and the trachea. It has always been taken more or less for 
granted that infectious material from the upper respiratory tract 
passed through the lower, directly, via the chink of the glottis. How- 
ever, large masses of such material must undoubtedly set up a bechic 
reflex to expel them, and microscopic quantities deposited in the 
upper trachea would inevitably be raised to the glottis by the action 
of the cilia in that region. Furthermore, we are taught that no 
lymphatics traverse the vocal cords. A discussion of the question 
invariably brings the answer "well it occurs during sleep," but if 
the bechic reflex is lulled to rest at such times the breathing is also 
quiet and the cilia are still active. 


It might be pointed out that while a sudden explosive expira- 
tory blast occurs, which we call a cough, there is no comparable 
inspiratory blast to carry infectious material into the trachea. It 
seems quite likely that infection from the bronchial tree to the nose 
occurs quite as frequently as the opposite. 


The lymphatic connection between the upper respiratory tract 
and the deeper pulmonary glands has been shown; not so, any con- 
nection with the upper trachea. 


No. 30. The management of bilateral recurrent paralysis. The 
multiplicity of methods suggested for the remedy of this condition 
still leaves it in the category of unsolved problems. The details are 
many and intricate and so are the articles dealing with them. 


No. 31. Papilloma laryngis. Since the cause of this condition 
is unknown, the management is still empirical and not too satis- 
factory. Repeated removal is still required. The endocrine ap- 
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proach, based upon theoretical concepts, is not meeting with the 
anticipated success. 


No. 32. Cancer of the larynx, its origin, its spread, and its 
treatment. Conferences upon this subject have much the flavor of 
conferences held ten (and twenty) years ago: irradiation, what kind, 
and how much? Surgery, what kind, when, and how extensive. 


No. 33. Tobacco and pulmonary cancer. The connection is 
thus far inferential. That there has been a sudden increase in bron- 
chial and pulmonary cancer in the last three decades is a fáct. That 
cigarette smoking has increased enormously in the same time is a fact. 
That the increase in bronchial cancer occurs in nonsmokers as well 
as smokers is a fact. That the relationship between the two has not 
been established is regrettably also a fact. 


No. 34. The nature of hearing. The earlier theories of hear- 
ing were based largely upon models of the cochlear apparatus, and 
on hearing tests. The discovery of the Wever-Bray phenomenon 
permitted and stimulated a new type of research. Many investi- 
gators, among whom the names of Lorente de No, Davis, and Hall- 
pike spring to mind, are busy with the problem. 


No. 35. Absolute pitch. Why some persons have the ability 
to recognize the pitch of a tone as most of us recognize a color re- 
mains unexplained. — Colorblindness is the exception.  Pitchdeaf- 
ness the rule. 


No. 36. Diplacusi. When we solve the problem of sound 
perception then the nature of diplacusis will be better understood. 
It is possible that the observation of conditions in diplacusis may help 
to establish and confirm theories of hearing. 


No. 37. Musical interpretation centers. The complex mech- 
anism of musical perception and conception is still a closed book. I 
know of at least one case in which a cerebral accident deprived an 
individual of his ability to read notes while he continued to recog- 
nize melodies by ear and also retained his sense of absolute pitch. 


No. 38. The cause of tinnitus. Once we learn to recognize 
and to differentiate the causes of this distressing symptom we may 
be able to prevent it and to abandon our present desperate remedy, 
the euthanasia of the eighth nerve. 


No. 39. The interpretation of high-tone loss and other similar 
acoustical phenomena. The acoustics of the skull are complicated 
and variable. It is understandable that a similar high-tone loss may 
occur in such disparate conditions as nerve degeneration and fluid 
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in the middle ear on this ground. Demonstration of the process is 
still wanting. 


No. 40. Otitis externa diffusa, the nature of cerumen, and 
aberrations of the skin of the canal and its glands are among the 
problems brought into prominence by the war in the Pacific. The 
work of Senturia promises an early, and we hope effective, solution. 


No. 41. The nature of otosclerosis. Concerning this disease 
we are not without theories—emphatically expressed—some logical 
and some fantastic, but we are still in the dark as to what it is, how 
to prevent it, or how to stop its progress. The importance of the 
problem is indicated by the fact that an organized group exists for 
its study. 


No. 42. The final, burning, sixty-four thousand dollar ques- 
tion: how to keep that new oval window open. Not long ago a 
group of otologists in South America were discussing the work of an 
investigator. 


3 


“I have spoken with him,” said one of the colleagues, “he has 


the final answer.” 
Eyebrows went up. 
“Do you believe that?” they asked. 


"Well," he replied, “he ought to know a final answer when he 
sees it. This is his fifth final answer.” 


The fool has asked his questions; let the wise men take over. 


BEAUMONT MEDICAL BUILDING. 
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EFFECT OF BLOOD TRANSFUSION ON RECURRENCE OF 
HEAD AND NECK CARCINOMA 


RETROSPECTIVE REVIEW AND META-ANALYSIS 


AUDIE L. WOOLLEY, MD NORMAN D. HOGIKYAN, MD GEORGE A. GATES, MD 
BRUCE H. HAUGHEY, MB, CHB KENNETH B. SCHECHTMAN, PHD JOHN L. GOLDENBERG, MD 
ST Louis, MISSOURI 


To study the effect of transfusion on recurrence of squamous cell carcinoma of the head and neck, we analyzed the records of 143 
patients with stage II through IV squamous cell carcinoma of the supraglottic larynx or hypopharynx for whom follow-up to recurrence 
or 5 years after surgical therapy was available. Variables studied were age, gender, TNM staging, duration of operation, estimated blood 
loss, units of blood products transfused, surgical margins, number of pathologic nodes, radiotherapy, chemotherapy, hematocrit, and 
serum albumin. Multivariate logistic regression demonstrated that transfusion, number of pathologic nodes, and preoperative hematocrit 
were significantly related to recurrence. The univariate odds ratio for tumor recurrence in patients receiving any blood products was 3.2 
(95% confidence interval 1.5 to 6.9; p = .004). Based on a meta-analysis of the data from this study and the five published studies, the 
combined odds ratio for recurrence after transfusion was 2.6 (95% confidence interval 1.9 to 3.7; p « .0001). These data identify a 
clinically important adverse effect of transfusion of blood products on tumor recurrence in patients with advanced head and neck cancer. 
We recommend a policy of blood conservation surgery to enhance cancer control, and we encourage further research to clarify the 
mechanism(s) of this effect. 


KEY WORDS — blood transfusion, head and neck carcinoma. 


INTRODUCTION recurrent colon cancer in patients who had received 
blood transfusions. Since then, several reports?-14 
have demonstrated a relationship between periopera- 
tive blood transfusion and recurrence of solid tumors. 
However, this effect has not been consistent for all 
tumor types or sites.1516 In the head and neck, three 
retrospective studies have reported an adverse ef- 
fect,!7-19 and two?9?! have shown no effect of blood 
transfusions on cancer recurrence, The variability of 
study design and material among these reports 
prompted us to review our own cases and conduct a 
meta-analysis of the reported data. 


The scope of modern surgery has been expanded 
by alarge number of technical developments, among 
them theuse of heterologous blood products. Modern 
blood tank techniques have reduced the risk of trans- 
fusion reaction and of transmission of hepatitis and 
human immunodeficiency viruses. However, in pa- 
tients with systemic neoplastic disease, ie, regional 
metastasis or distant micrometastasis, concern has 
arisen regarding the possible effect of transfusion on 
the immune system. 


The immunosuppressive effects of blood transfu- 
sions were noted as early as 1973, when renal al- MATERIALS AND METHODS 
lograft survival was found to be substantially im- 
proved in patients who had received prior blood 
transfusions.! This effect was thought to be second- 
ary to immunosuppression induced by exposure to 
antigens expressed by the transfused white blood 
cells, either by production of suppressor cells or by 
graft-versus-host response. The effects of immuno- 


The records of all patients treated surgically for 
carcinoma of the supraglottis or hypopharynx at 
Barnes Hospital, St Louis, Mo, from 1975 to 1984 
were requested, and the 224 records obtained were 
reviewed. Excluded were patients with stage I tu- 
mors, second primaries, distant metastases, or less 


: than 5 years of disease-free follow-up. Theremaining 
suppression on malignancy are also well known: : | 
immunodeficient and immunosuppressed patients 143 cases of stage II through IV carcinoma of the 


show a greater incidence of malignancy.?- supraglottis (N = 85) orhypopharynx (N = 58) consti- 
tute the study group. The list of patients was gener- 


In 1982 Francis and Shenton? noted that allogeneic ated from the Head and Neck Tumor Registry of the 
blood transfusion enhanced tumor growth in rats. Department of Otolaryngology. The original records 
Burrows and Tartter® reported an increased rate of werereviewed to ensureuniformity of staging accord- 

From the Department of Otolaryngology, Washington University School of Medicine, St Louis, Missouri. | 
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992. 
REPRINTS — George A. Gates, MD, 517 S Euclid, Box 8115, St Louis, MO 63110. 
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TABLE 1. MEAN VALUES AND RANGES FOR 12 VARIABLES ACROSS RECURRENT AND NONRECURRENT GROUPS 


No Recurrence (N = 77) 


Variable Mean SD 
Age in years 59.3 9.1 
Proportion of men 0.74 

T stage 2.71 76 
N stage 0.52 0.79 
Stage group 3.17 0.79 
Preop hematocrit (76) 43.0 3.8 
No. of positive nodes in surgical specimen 0.69 1.2 
Proportion of patients with histologically positive 

surgical margins 0.21 

Length of operation (h) 53 1.7 
Estimated blood loss at operation (mL) 744 493 
Units of blood products 1.3 1.6 


Proportion of patients with preop or postop irradiation0.9 


*p value of t statistic as determined by univariate logistic regression. 


ing to the 1988 American Joint Committee on Can- 
cer.22 The study was limited to tumors from two 
adjacent sites to minimize site-related variations in 
tumor behavior or therapy. Exclusion of patients with 
stage I cancer was justified by the different treatment 
policies for these cases, which have a much better 
prognosis than more advanced disease. 


The following variables were recorded. Patient 
variables were age, gender, serum albumin, and 
preoperative hematocrit. The TNM parameters used 
were T, N, and tumor stage; these were based on 
staging endoscopic descriptions. Estimated blood 
loss and duration of surgery were the operative data. 
Operativeprocedures weresupraglottic laryngectomy, 
total laryngectomy, or partial laryngopharyngectomy; 
neck dissection was done in two thirds of the cases. 
Radiotherapy, either preoperative or postoperative, 
and chemotherapy were noted. Transfusion data in- 
cluded units of packed red blood cells and units of 
whole blood administered within 2 weeks of the 
surgical procedure. Because many patients received 
both whole blood and packed red blood cells, blood 
products were combined into a single variable. His- 
tologic variables were number of positive nodes and 
margin status. Serum albumin was normal in all cases 
but one and was not considered further. Chemother- 
apy was also excluded from analysis because only 
three patients were treated, one preoperatively and 
two postoperatively. Surgical procedures were not 
analyzed separately. 


Univariate analyses were performed with each of 
the 12 remaining parameters used as an independent 
variable, with recurrence within 5 years as the depen- 
dent variable. The x? test was used for categoric 
terms, and logistic regression was employed for 
continuous variables. Those variables from the signif- 
icant univariate analyses were subsequently entered 
into stepwise multivariate logistic regression analy- 


Recurrence (N = 66) — 


Range Mean SD Range p* 
39-75 59.8 9.5 35-81 243 
0.82 265 
1-4 2.78 0.85 1-4 .583 
0-3 0.92 0.97 0-3 .009 
2-4 3.05 0.72 24 .367 
32-51 41.0 3.6 32-48 .003 
0-6 1.7 2.4 0-9 005 
0.28 270 
2.8-11.7 5.9 1.6 à 2.8-100 .064 
175-2,500 960 554  150-3,200 .020 
0-7 2.5 1.9 0-9 .0001 
0.94 498 


ses. This allowed for identification of covariation, as 
well as the influence of each variable on the associa- 
tion of the other variables with recurrence rate. Cox 
regressions were also done, but are not reported 
because the results were virtually identical to the 
logistic analyses and because recurrence within 5 
years, not time to recurrence, was the principal factor 
of interest in this report. Analyses using survival, 
rather than tumor recurrence, were also conducted 
but not reported because, in general, the results par- 
alleled the recurrence end points, and because suc- 
cessful secondary therapy might obscure the earlier 
treatment failure. 


Meta-analysis involved two separate sets of calcu- 
lations. For each study in the meta-analysis the indi- 
vidual odds ratio, 95% confidence intervals (CIs), 
and significance tests were obtained from logistic 
regressions of the data from the 2 x 2 tables of num- 
ber of patients with recurrences and number of pa- 
tients receiving blood products. In the second step an 
overall odds ratio was determined by using the present 
study combined with the five published studies.!7-2! 
This was based on the standard Mantel-Haenszel? 
approach to combining 2x2 contingency tables, 
each of which is generated from a different study. 
Assume that a given study enrolls N patients, n of 
whom receive a transfusion, and r of whom have a 
recurrence of their disease. For each study, the Man- 
tel-Haenszel procedure compares O, the observed 
number of recurrences among transfused patients, 
With E = nr/N, the expected number of recurrences 
among transfused patients. Assuming that the null 
hypothesis of no effect of the transfusion is correct, 
the difference O - E will differ randomly from zero 
and will have variance given by Var = E(1 —n/NO)(N 
~ rY(N - 1). If Sumdiff is the sum of the differences 
O ~ E over all studies, and if Sumvar is the sum of the 
variances of these differences over all studies, it 
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TABLE 2. MEAN VALUES, ODDS RATIOS, 95% 
CONFIDENCE INTERVAL, AND SIGNIFICANCE 
LEVELS OF SIGNIFICANT VARIABLES ID 
BY STEPWISE LOGISTIC REGRESSION AS 
PREDICTING TUMOR RECURRENCE 


Beta 
Variable Mean Coefficient SD p___OR (95% CI) 
Units of 1.9 0.311 0.118  .009 1.36 
blood (1.08-1.72) 
No. of 1.1 0.265 0.111 .009 1.30 
nodes (1.04-1.62) 
Preop 42.0 ~0.133 0.053 .014 


0.88 
hematocrit (0.79-0.97) 


OR — odds ratios, CI — confidence interval. 


follows that an estimate of the combined odds ratio is 
given by Odds Ratio = exp[(Sumdiff — 0.5)/Sumvar]. 
Also, SE, the standard error of the summed differ- 
ences, is the square root of Sumvar, so that 95% 
confidence bounds on the combined odds ratio are 
given by exp[(Sumdiff — 0.5)/Sumvar + 1.96/SE]. 


To estimate bias from unpublished studies we 
determined the number of studies of similar sample 
size with an odds ratio of 1 that would be necessary 
to reduce the overall odds ratio of this meta-analysis 
to the level at which the 95% CI was less than 1. All 
published studies of the effect of transfusion on head 
and neck cancer were included. To our knowledge 
there are no unpublished studies. 


RESULTS 


The average age was 60 years, with a range of 35 
to 81. One hundred eleven patients (77%) were male. 
There were 34 stage II tumors (24%), 60 stage III 
(42%), and 49 stage IV (34%). Overall, 99 patients 
(6996) received blood products; 66 patients (4696) 
had local orregional recurrence or distant metastases. 
The recurrence rate was 41% for the supraglottic 
cases and 53% for the hypopharyngeal cases; this 
difference was not significant (x? = 2.09, p = .148). 
The recurrence rate was 54% in the 99 transfused 
cases versus 2796 of 44 nontransfused cases. The 
odds ratio for recurrence in the transfused cases was 
3.2 (95% CI 1.5 to 6.9; p = .004). 


The mean scores and ranges of the 12 independent 
variables by transfusion status are displayed in Table 
1, Five variables were statistically significant single 
predictors of recurrence: preoperative hematocrit, 
number of units of blood products, number of meta- 
static nodes proven by histologic examination, blood 
loss, and clinical node (N) status. 


These five variables were entered into a stepwise 
multivariate logistic regression. Estimated blood loss 
and N status were no longer significant and were 
removed from the model. Blood loss appeared to 
covary with units transfused, and N status covaried 


Recurrence Rate 
o h fp i BR in OD u D to m 


0 1 2 3 4 2 5t 
Total units blood products 


Fig 1. Actual recurrence rate is displayed for each level of 
transfusion. Total units of blood products includes whole 
blood and packed cell transfusions. Two patients who 
received more than 6 units of blood products are grouped 
with the three who received 6 units. Number of patients for 
each level of transfusion is 0 units, 44 patients; 1,24; 2, 34; 
3, 12; 4, 17; 5, 7; and 6+, 5. Note substantial difference 
between those receiving 0 to 2 units and those receiving 3 
units or more. 


with the number of metastatic nodes. The final mul- 
tivariate model identified number of units transfused, 
number of positive nodes, and preoperative hemat- 
ocrit as significant predictors of recurrence. Table 2 
indicates the magnitude and significance of those 
associations. 


The dose relation between units transfused and 
crude recurrence rate is displayed in Fig 1. Recur- 
rence rate increases markedly between 2 and 3 units, 
and remains fairly steady beyond that level. There 
was also a greater rate of recurrence with increasing 
numbers of metastatic nodes, with a notable increase 
in rate between two and three positive nodes (Fig 2). 


The results of the meta-analysis of the effect of 
blood transfusion on tumor recurrence are displayed 
in Table 317-2123 and Fig 3.17-2! The overall odds ratio 
for recurrence was 2.65 (95% CI 1.88 to 3.72; p « 
.0001). Twenty-five negative studies of comparable 
size and design with an odds ratio of 1 were found to 
be necessary to reduce the combined odds ratio to the 
level at which the lower bound of the 9596 CI was less 
than 1. 


DISCUSSION 


The design of the current study permitted multi- 
variate analysis of the major known determinants of 
cancer recurrence. Squamous carcinoma of the 
supraglottic larynx and hypopharynx is associated 
with moderate differences in survival between the 
two sites, even though patterns of recurrence are 
similar. The two sites are related anatomically, and a 
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CRUDE RECURRENCE RATE 


Ü i 2 3 4 5 6 
POSITIVE NODES 


Fig 2. Actual recurrence rate is displayed for each level of 
number of metastatic nodes identified in surgical speci- 
men. Eighty-one patients were NO histologically or did not 
have neck dissection; 28 had one node; 10 had two; 8 had 
three; 5 had four; 3 had five; and 8 had six or more nodes. 
Note marked difference between those patients with no 
nodes or one or two nodes and those with three or more. 


tumor at one site frequently involves the other and 
vice versa. Indeed, many tumors involved both sites. 
These similarities helped reduce treatment variations 
to a minimum. All operations were done by otolaryn- 
gologists trained under the same philosophy and 
using the same technical approach. 


Cancer control is a complex process that depends 
on three groups of clinical factors: patient, tumor, and 
treatment. In this study, an important variable from 
each group was identified as a factor for tumor 
recurrence. The chief patient factor was abnormal 
preoperative hematocrit. The most important tumor 
factor was the number of metastatic nodes, with three 
or more nodes as a critical level. The most important 
treatment factor was units of blood transfused, with 3 
units or more as a critical level. These relations were 
maintained after adjustment for the levels of each of 
the other two variables. Because inferences about 
causation based on statistical analysis mustalways be 
made cautiously within the framework of knowledge 
about the pathophysiology of malignant disease, the 
following interpretations of the observations from 


this retrospective review are offered. 


A low preoperative hematocrit is a general sign of 
ill health and may reflect the poor nutritional status 
that is so common among patients with head and neck 
cancer. Nutritional status is known to affect immune 
competence as well.” 


The effect of metastatic nodes on treatment failure 
is well documented.25-77 Nodal disease places a bur- 
denontheimmune system, and the finding that nodal 
disease affects recurrence is entirely consistent with 
current theory. Contrary to theory, however, was the 
lack of effect of tumor (T) stage on recurrence in the 
present case, even with the observed increase in N 
stage and number of nodes with increasing T stage. 
Given the types of aggressive surgical therapy and 
radiotherapy used in these patients, it might be the 
case that the effects of tumor size were overcome by 
escalated therapy. An alternative interpretation is 
errors in staging. However, we reviewed the original 
records and restaged all cases using the 1988 AJC 
classification to ensure against this possibility. 


The pathophysiologic effect of blood transfusion 
on cancer recurrence after treatment is still incom- 
pletely understood, One obvious interpretation is that 
transfusion is a covariate of tumor extent: larger 
tumors are associated with large operations, long 
operative time, and greater blood loss. Larger tumors 
have a potentially greater effect on host immunity, in 
addition to the immunodepressive effects of anesthe- 
sia2? and surgery.?? Therefore, one could argue that 
the transfusion effect is simply a reflection of tumor 
size. Indeed, there was greater blood loss and in- 
creased transfusion use with increasing stage of tu- 
mor. However, the multivariate analysis, which per- 
mits an examination of each factor while controlling 
the effects of the other factors, indicated that neither 
tumor stage nor duration of operation had a signif- 
icant effect on recurrence in this patient population, 
whereas units of blood transfused did. 


Therefore, these data provide support for the theory 
that transfusion has a direct effect on recurrence. A 
plausible mechanism for this effect is immunosup- 


TABLE 3. META-ANALYSIS OF EFFECT OF TRANSFUSION ON TUMOR RECURRENCE 


Study No. Pts Recur Trans 
Johnson et al!” 139 0.39 0.84 
Jackson and Rice!? 100 0.39 0.41 
Jones and Weissler!? 94 0.43 0.51 
Böck et al?° 161 0.16 0.83 
Von Doersten et al?! 104 0.36 0.51 
Woolley et al 143 0.46 0.69 
Total or average 741 0.36 0.63 


Var O-E OR 95% CI 

4.43 2.55 1.86 0.68- 5.08 
5.81 12.00 9.40 3.70-23.80 
6.15 7.94 6.18 2.86-15.50 
3.05 3.35 5.94 0.77-45.92 
6.09 -1.37 0.80 0.36- 1.77 
7.62, 8.31 3.20 1.48- 6.93 
33.16 32.79 2.65 1.88- 3.72 


Recur — rate of recurrence, Trans — rate of transfusion of any amount of blood products, Var — variance for each study calculated from Mantel- 
Haenszel? formula, O-E — observed minus expected number of cases, OR — odds ratio calculated from logistic regression, 95% CI — lower and 
upper boundaries of confidence interval calculated from logistic regression coefficients and standard error of coefficient. 
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pression, Transfusions have been found to increase T 
cell suppressor activity for at least 12 weeks follow- 
ing transfusion.3? Fischer et al?! found a measurable 
effect from a single transfusion, but with a second 
transfusion there was a more pronounced and pro- 
longed state of immunosuppression. Transfusion with 
autologous blood causes no immunosuppression. 
Tartter et al?? noted significant reductions in total 
number of T cells in transfused patients measured at 
6 to 18 months after transfusion. This was directly 
proportional to the number of units of blood trans- 
fused perioperatively. Natural killer cells are thought 
to play a role in controlling oncologic disease.?? 
Natural killer cell activity is significantly depressed 
immediately following transfusion. This effect has 
also been shown to be dose-related and may be 
prolonged as long as 3 months.?^ An increase in 
serum levels of prostaglandin E, a potent immuno- 
suppressant, has been documented in patients receiv- 
ing blood transfusions, and this effect is also dose- 
dependent.?5 


Several clinical studies have examined the effect 
of blood transfusion on cancer recurrence since Bur- 
rows and Tartter$ in 1982 indicated an increased 
recurrence rate in patients with colorectal carcinoma 
who received blood transfusions. Similar associa- 
tions have been reported in patients with lung can- 
cer,1512 breast,!2 renal cell! and head and neck 
carcinomas, as well as soft tissue sarcomas.!? Not all 
investigators, however, have found an adverse rela- 
tionship between transfusion and cancer recur- 
rence. !5,16,20,21 Of the five reports on head and neck 
cancer patients, three!?-1? supported the relation of 
blood transfusion to recurrence and two did not 20:21 


Johnson et al!" retrospectively analyzed the out- 
comes of 139 patients with stage III squamous cell 
carcinoma of multiple sites in the head and neck and 
identified a significantly increased recurrence rate in 
those patients who received 3 units or more of blood 
products compared with those receiving 0 to 2 units. 


of subjects in each study. Those 
studies with lower boundary of 
9596 confidence interval of less 
than 1 are considered to be not 
significant at p= .05. Odds ratio of 
1 indicates no effect from transfu- 
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This difference was absent in those patients treated 
by surgery alone or after failed radiotherapy. Using 
their data for all 139 cases, we computed an odds ratio 
for recurrence after any transfusion of 1.86 and found 
a 95% CI of 0.68 to 5.08 (Table 3). 


Jackson and Rice's review!? of 100 patients with 
squamous cell carcinoma ofthe head and neck showed 
a significantly increased risk of recurrence in those 
patients who had received blood products. À higher 
rate of recurrence was found in patients with oral 
cavity, pharynx, nose, or paranasal sinus carcinoma 
compared to those patients with laryngeal cancer. 
Their analysis, which was stratified by tumor stages 
IthroughIV, showed no effect of stage on the relation 
of transfusion status to tumor recurrence. Ninety 
percent of cases were stage II or higher. Their odds 
ratio (95% CT) was 9.40 (3.70 to 23.80). 


Jones and Weissler!? performed a multivariate 
analysis of blood transfusion and 15 other prognostic 
variables using recurrence as the dependent variable 
in 94 cases of stage III to IV cancer of the head and 
neck. Margin status and blood transfusion were found 
to be significant predictors of recurrence. Their odds 
ratio (9596 CT) was 6.18 (2.86 to 15.50). 


Böck et al” studied 161 patients with stage I to IV 
cancer of the larynx with a median follow-up of 42 
months. Patients who received blood transfusions 
were found to have a higher incidence of recurrence, 
but when they were analyzed separately within nodal 
status, histologic grading, or stage, no significant 
difference was detected. Recurrence was related to 
stage, lymph node status, and histologic grading. All 
patients had a total laryngectomy as their primary 
surgical treatment. Included were 22 patients with 
stage I and 58 stage II tumors undergoing total 
laryngectomy. Their overall recurrencerate of 16.7%, 
which was less than half that of the other studies, 
probably reflects the large number of stage I and II 
cases, which had 4.5% and 5.8% recurrence rates, 
respectively. Of interest, their transfusion rate was 
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nearly double the average transfusion rate of the other 
studies. Their odds ratio (95% CI) of 5.94 (0.77 to 
45.92) indicates a high variance and a nonsignificant 
(p = .089) main effect of transfusion on recurrence. 


Von Doersten et al?! analyzed 31 clinical variables 
from 104 cases of stage II through IV head and neck 
cancer at multiple sites. They excluded all cases with 
positive margins and preoperative radiotherapy. Their 
multivariate analysis indicated that age, nodal status, 
and postoperative hematocrit were significant pre- 
dictors of recurrence. Transfusion status was not 
significant for recurrence in either the multivariate 
analysis or the univariate analyses. Interestingly, 
transfusion status was a significant predictor of infec- 
tion in the univariate analysis, but not in the multi- 
variate analysis. Multiple head and neck sites were 
included. They, as we, found that metastatic node 
status was the strongest predictor of recurrence, more 
so than clinical N staging. Their odds ratio (95% CT) 
was 0.80 (0.36 to 1.77), which clearly indicates that 
transfusion did not adversely affect tumor recurrence 
in their cases. 


The variations inexperimental design among these 
studies create uncertainty about which studies are 
correct. Therefore, we employed the technique of 
meta-analysis, which permits all available studies to 
be combined for the purpose of estimating an overall 
effect. The validity of meta-analysis depends in part 
on the quality of the studies and avoidance of bias 
from unpublished studies, which often are nega- 
tive.96 We believe that this meta-analysis has incor- 
porated all published studies: 4 positive (including 
this one) and 2 negative. Although there may be 
unpublished negative studies, it would take 25 stud- 
ies of similar design and sample size with odds ratios 





of 1 to negate the overall effect demonstrated here. 
Therefore, we may conclude that a publication bias is 
unlikely to exist. 


The current meta-analysis examines only the main 
effect of transfusion status on recurrence rate, and 
this is substantial. (To do a more sophisticated mul- 
tivariate analysis would require pooling of the raw 
data.) The finding of a significant main effect of 
blood transfusion on recurrence of head and neck 
cancer in this meta-analysis supports the current 
theory that transfusion predisposes to tumor recur- 
rence. Until this theory is rejected or modified by 
further investigation, it would be prudent to use 
techniques for blood conservation.?^38 By this we 
mean enhanced hemostasis using electrocautery dis- 
section and, where possible, the argon beam coagu- 
lator, intraoperative hemodilution, use of autologous 
transfusion (where applicable), and the judicious use 
of heterologous blood products, in particular those 
that minimize the transfer of leukocytes. Further 
research into the mechanism of the transfusion effect 
and methods to reduce its impact is warranted. 


It appears to us that the transfusion effect is most 
evident in high-risk cases in which the immune 
system is already stressed by poor nutrition, large 
tumor burden, and prolonged operative and anesthe- 
sia time. It may be the case that in these circum- 
stances, transfusion adds an additional stress to the 
immunologic system. If that is indeed the case — and 
we believe the information in this review points 
strongly in that direction — we as head and neck 
surgeons already have at our disposal the means, by 
careful attention to blood conservation, to reduce that 
burden and thus potentially enhance our patients' 
survival. 
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Experience with laryngotracheal reconstruction (LTR) has resulted in and continues to yield modifications and refinements in 
approach and technique with the goal to restore and maintain total laryngeal function. In addition to airway obstruction, the laryngeal 
functions of phonation and swallowing also may be affected by the underlying injury as well as by procedures designed to enlarge the 
airway. This paper discusses various problems encountered with phonation and swallowing in pediatric patients who underwent LTR 
and postoperative patients who were seen during the year July 1, 1990, through June 30, 1991. Phonation problems became apparent as 
long-term difficulties that persisted after tracheotomy decannulation. Swallowing was frequently a short-term perioperative problem 
while a stent was in place following LTR. The approaches and techniques that have been employed to treat, minimize, and prevent these 


problems are discussed. 


KEY WORDS — laryngotracheal reconstruction, laryngotracheal stenosis, phonation, swallowing, voice. 


INTRODUCTION 


Surgical therapy of laryngotracheal stenosis has 
made many advances. Laryngotracheal reconstruc- 
tion (LTR) aims to enlarge the lumen of the air- 
way and permit tracheostomy decannulation. Good 
success has been reported with a variety of tech- 
niques.!~4 Further advances in laryngeal surgery have 
come about with conservation laryngeal surgery for 
laryngeal carcinoma? and external framework laryn- 
geal surgery (thyroplasty) in the treatment of glottic 
insufficiency and vocal pitch disorders.® Implicit in 
the application of these techniques is a recognition of 
the threefold function of the larynx — airway, phona- 
tion, and swallowing. Laryngeal surgery designed to 
address one aspect of laryngeal function may neces- 
sarily affect the other functions of the larynx. 


The primary goal of LTR surgery is improving the 
airway. Tracheostomy decannulation has been a high 
priority in infants and children because of the rela- 
tively high morbidity and mortality associated with 
pediatric tracheostomy.’ Another impetus for trache- 
ostomy decannulation in children is to aid in develop- 
ment of speech and language. The presence of a 
tracheostomy impairs speech development if the tra- 
cheostomy is present for lengthy periods extending 
into the linguistic stage.8 Phonation in the child with 
a tracheostomy is impaired by the diversion of air- 


flow from the larynx and the underlying stenosis of 
the subglottic or tracheal lumen. In severe cases, this 
results in total obstruction of laryngeal airflow with 
resulting aphonia. As these children are operated on, 
decannulated, and followed up in the long term, the 
effects of laryngotracheal stenosis and the proce- 
dures used to treat it can be evaluated for their effect 
on global laryngeal function, including phonation 
and swallowing. 


Phonation following pediatric LTR has been as- 
sessed in limited retrospective reviews by several 
authors. Zalzal,? in a study of the treatment of poste- 
rior laryngeal stenosis in a small series of patients, 
surveyed the voice quality as assessed by the house- 
hold member who spent the most time with the 
patient before and after surgery. Of the 8 patients with 
preoperative normal voice quality, only 2 had a 
postoperative normal voice quality, with 6 patients 
reported as having a hoarse or husky voice quality. 
Voice intelligibility improved in 4 patients, wors- 
ened in 2, and did not change in 3. Maddalozzo and 
Holinger!? reported in a series of 20 children who 
underwent LTR that hoarseness was not an infre- 
quent problem in those who required stenting. Cot- 
ton!! reported on 61 patients who underwent LTR 
with posterior or anterior and posterior costal carti- 
lage grafts. Because patients frequently lived far 
from the center in which reconstruction was per- 
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formed, quality of voice or cry was assessed by a 
survey of the patient or parent in a manner similar to 
that of Zalzal.? The subjective assessment was that in 
3 cases the voice was felt to have been made worse. 
In 23, there was no difference in the voice, and in 35 
the voice quality had improved. The duration of 
stenting was found to be correlated with postopera- 
tive voice assessment, in that better voice results 
occurred when the duration of stenting was 12 weeks 
or less. 


There are few objective studies of voice problems 
following pediatric LTR, but those available provide 
a more detailed view of the problem. They include 
perceptual studies, acoustic analysis, and fiberoptic 
laryngoscopic examination. Sell and MacCurtain!2 
reported on the speech and language development in 
16 children with subglottic stenosis who underwent 
LTR. Their perceptual evaluation categorized only 
31% with an acceptable voice, 38% with a moder- 
ately abnormal voice, and 31% with a severely abnor- 
mal voice. The vocal pitch was usually low, with a 
rough and breathy quality. In the same group of 
patients, Kearns et all? reported fiberoptic nasopharyn- 
golaryngoscopy findings of anterior commissure 
blunting, false vocal fold phonation, anterior over- 
folding of the arytenoids, and poor or limited move- 
ment of one or both arytenoids. Zalzal et al!4 studied 
the post-LTR voice quality using perceptual rating 
scales and multiple listener assessment in 16 patients 
who underwent LTR and decannulation. Fifteen of 
the 16 patients had aberrant voice quality, character- 
ized by low pitch and breathy and hoarse voice. Smith 
et al!5 studied 8 patients with perceptual ratings and 


acoustic measures, as well as videolaryngostrobos- © 


copy. The voices were characterized by low pitch, 
diminished pitch range, decreased intensity, and short- 
ened phonation time compared with age- and sex- 
related norms. Reverse (inhalational) phonation was 
observed in 3 patients, and 3 patients used supraglottal 
constriction to phonate. Laryngoscopy and laryngo- 
stroboscopy demonstrated severe glottic incompe- 
tence in 2 patients, vocal fold asymmetry in stiffness 
and/or position (eg, absence of mucosal wave, vocal 
folds on different levels) in 3 patients, and phonation 
using supraglottic structures in 3 patients. These 
reports are the first to document phonation problems 
encountered in pediatric LTR patients and under- 
score the need for attention in this area. 


It has been our impression also from long-term 
follow-up that voice and resultant speech quality and 
intelligibility have been a problem for some patients, 
with impairment of ability to communicate at school 
and in social interactions. This becomes more of an 
issue as children develop linguistically and enter the 


social environment. Although assessment of long- 
term objective outcomes is not yet possible, we felt it 
important to address this issue, realizing that the 
outcome of LTR performed on young children may 
have effects in terms of phonation that may only 
become apparent years later. 


Swallowing problems in pediatric LTR have been 
seen as a problem associated with the endolaryngeal 
stent. Maddalozzo and Holinger!? reported in their 
series that transient aspiration was commonly seen 
for 2 to 4 days following stent removal. Gray et al!® 
found that some degree of dysphagia and aspiration 
was seen universally after LTR in the early postop- 
erative period, related mainly to the presence of a 
stent. This lasted usually for 7 to 10 days. In the long 
term, swallowing problems have not been seen gen- 
erally, as reported by Zalzal? in his series of posterior 
cricoid cartilage grafts. The observation of phonation 
and swallowing disorders following LTR prompted 
us to review our experience in this regard. Modifica- 
tions and changes in our approach that aim to prevent 
or minimize these problems are discussed. 


METHODS 


A review was conducted of the operative experi- 
ence of LTR for the year July 1, 1990, to June 30, 
1991. Sixty-three LTR procedures (37 primary and 
26 revision) were performed on 56 patients; 38 were 
boys and 18 were girls. Five patients underwent 2 
LTR procedures, and 1 patient underwent 3 LTR 
procedures during this period. Ages ranged from 4 
months to 19 years. Twenty-nine (51%) of the pa- 
tients were 3 years of age or younger. Excluded from 
this series were 7 tracheal reconstructions, since 
swallowing and phonation problems were not seen in 
these patients. The procedures all were performed at 
the Children’s Hospital Medical Center, Cincinnati, 
Ohio. Follow-up visits and endoscopy also were con- 
ducted on patients who previously underwent LTR at 
this institution. Speech pathology referral was made 
routinely. Phonation results were assessed compre- 
hensively in 2 patients in the study group, as well as 
6 others who were decannulated prior to the study 
period.!5 These patients were selected because of 
dysphonias manifest following extubation or decan- 
nulation in children age 4 or older who could cooper- 
ate for examination. On the basis of experience in 
care for these patients, aspects of phonation and 
swallowing were reviewed specifically. 


RESULTS 


A summary of the procedures performed is given 
in Table 1. Cartilage grafts were used in 50 cases. The 
stent types are listed in Table 2, along with average 
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TABLE 1. TYPES OF PROCEDURES 


No. of 
Procedure Cases 
Anterior graft 21 
Posterior graft 19 
Anterior and posterior graft 8 
Anterior split 3 
Anterior and posterior split 8 
Anterior and posterior split and anterior graft 2 
Four-quadrant split 5 
Partial cricoid resection 2 


Cartilage grafts in all cases were autogenous costal cartilage, except for 
auricular cartilage used in four cases. In some cases, more than one 
procedure was employed, eg, four-quadrant split and posterior graft. 


stenting duration. The split procedures, without graft- 
ing, in nearly all cases were done in combination with 
placement of a “wired in" stent or Montgomery T- 
tube. The above-stoma stent was associated with 
placement of a cartilage graft in 27 of 29 cases. 


Phonation. Prior to LTR, phonation problems were 
anticipated in 16 patients. Fifteen of these had under- 
gone prior LTR. Findings included stenosis and scar- 
ring involving the vocal folds, arytenoid fixation, and 
anterior commissure disruption. In 2 previously op- 
erated cases referred from other institutions for evalu- 
ation during this study period, prior placement of an 
anterior cartilage graft in the middle or superior 
portion of the thyroid cartilage resulted in wide 
displacement of the vocal folds, with severe distrac- 
tion of the anterior commissure and resultant marked 
glottic insufficiency (Fig 1). 


Intwo cases during LTR, a stent modification was 
employed to minimize phonation problems. In both 
patients, the airway disorder involved an anterior 
subglottic stenosis with no involvement of the mem- 
branous vocal folds or their undersurface. A stent was 
deemed necessary to stabilize an anterior cartilage 


TABLE 2. STENT TYPES USED AND AVERAGE STENT 


DURATION 
Average 
No. of Stent 
Stent Types Cases Duration 
Above-stoma stent 29 6 wk 
Aboulker 25 
Portex tube 2 
Silicone tube 2 
Endotracheal tube (single-stage LTR) 15 10 d 
Wired-in stent, tracheal complex 9 3 mo 
No stent 5 
Montgomery T-tube 4 8 mo 
Upper limb below 
vocal folds 2 
Upper limb above 
vocal folds 2 


LTR — laryngotracheal reconstruction. 





Fig 1. Placement of cartilage graft into anterior commis- 
sure of larynx, widely distracting vocal folds with result- 
ing glottic incompetence. Breathy, weak voice would 
result. Graft placement below this level, if possible, is 
recommended. 


graft. Rather than the Teflon Aboulker stent, a sili- 
cone cylinder cut from the limb of a Montgomery T- 
tube was used. It was placed with the superior edge of 
the stent no higher than the upper edge of the anterior 
rim of the cricoid or lower cricothyroid membrane. 
This placement limited formation of granulation tis- 
sue on the undersurface of the vocal folds in the 
tapered subglottic region (Fig 2). The stent was left in 
place for 6 weeks. Phonation results following stent 
removal were excellent in both cases. A Montgomery 
T-tube with the upper limb placed below the vocal 
folds in the subglottis was similarly used in two cases. 


During the study period, patients who underwent 
single-stage LTR underwent perceptual voice assess- 
ment 3 to 6 months postoperatively. This provided a 





Fig 2. Stent placement below vocal folds in subglottis may 
be useful in selected cases. This avoids stent pressure 
against vocal fold mucosa. 
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Fig 3. Long-term endolaryngeal stent made of blue-line 
Portex endotracheal tube with beveled edge facing epi- 
glottis, to prevent aspiration. 


group comparable in terms of similar LTR procedure 
type, whose voice was evaluable within the study 
period. Fifteen patients underwent single-stage LTR 
with endotracheal tube stenting. There were 10 pri- 
mary and 5 revision procedures. Nine had anterior 
cartilage grafts, 5 had combined anterior-posterior 
cartilage grafts, and 1 had a posterior cricoid cartilage 
graft only. Twelve patients were successfully extu- 
bated. Nine of 11 patients with a preoperative trache- 
ostomy were decannulated. Seven patients had nor- 
mal phonation following single-stage LTR. Four 
patients exhibited a moderate degree of dysphonia, 
but were too young for objective voice assessment. 
One patient had a severely abnormal voice postopera- 
tively. This patient had severe laryngotracheal steno- 
sis involving the glottis, had abnormal phonation 
preoperatively, and had undergone prior LTR proce- 
dures. All 5 of the patients with moderately or se- 
verely abnormal voices had both anterior and poste- 
rior cartilage grafts placed at LTR. In 3 of these 5 
patients the single-stage LTR was revision surgery. 


Two patients in the study group with phonation 
problems after LTR underwent objective voice as- 
sessment. Both patients had undergone revision LTR 
procedures. One exhibited severe glottic insufficiency, 
and the other patient had dysphonia related to vocal 
fold asymmetry and anterior commissure blunting. 
Their case histories and voice findings are reported 
elsewhere as part of a larger group of patients.!? 
Further voice studies of the patients decannulated 
during this study period are under way. 


Swallowing. Swallowing outcome was assessed 
by average post-LTR hospital stay in those patients 
who required long-term stents. Those patients who 
underwent single-stage LTR (endotracheal tube) or 
LTR without stenting did not have postoperative 





Fig 4. Temporary plug in hole at top of Aboulker Teflon 
stent to prevent aspiration during stenting time. 


swallowing difficulties. The average hospital stay for 
patients with above-stoma stents was 6 days, and for 
those with “wired-in” full-length stents it was 8.5 
days. 


When swallowing difficulties were anticipated 
preoperatively, yet a stent was required for LTR, 
several techniques were used. The removable capped 
end of the Aboulker stent was sewn with nonabsorb- 
able suture to the stent and used in this fashion. In two 
cases, a stent with the upper end below the vocal folds 
in the subglottis was used. In two cases, a stent made 
of ablue-line Portex endotracheal tube was used (Fig 
3). It was placed with the beveled edge facing the 
laryngeal surface of the epiglottis. It worked well in 
both cases to prevent swallowing difficulties in these 
patients who required a long-term endolaryngeal 
stent. 


In two patients, severe aspiration through the hole 
in the Aboulker stent was not ameliorated by diet 
manipulation. In these cases, early removal of the 
stent was felt to compromise the LTR result. There- 
fore, aplug was devised and molded of dental impres- 
sion silicone (vinyl polysiloxane, Imprint, 3M Co, St 
Paul, Minn). With the patient briefly under a general 
anesthetic, it was placed endoscopically under direct 
vision into the hole at the top of the stent (Fig 4). The 
aspiration difficulties resolved immediately in each 
case. 


For gastroesophageal reflux uncontrolled on medi- 
cal management, in one case a Nissen fundoplication 
was required prior to consideration for LTR surgery. 
If a gastrostomy tube was present, it was used for 
feedings during the stenting period. No patient was 
readmitted for pneumonia during their stenting pe- 
riod, although many required one or more courses of 
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oral antibiotics for purulent secretions while the stent 
was in place. 


DISCUSSION 


Phonation. Phonation is often a secondary consid- 
eration in the young infant or child with laryngotra- 
cheal stenosis and atracheostomy. The primary focus 
for parents and physician alike is the airway. Ability 
to assess phonation is complicated by the develop- 
mental age of the child, the presence of a tracheos- 
tomy, and the variability of the airway disorder. 
Frequently these patients are prelinguistic or early in 
language development. They may berendered aphonic 
by the stenotic lesion itself. These factors make it 
difficult to determine the incidence of phonation 
problems in children following LTR. Zalzal et al!* 
felt that the abnormal voice quality in children after 
LTR is from the original laryngeal injury and is 
compounded by surgery to correct the stenosis. What 
requires attention is the extent to which the airway 
disorder and reconstructive surgery contribute to the 
final voice result in the individual patient. The as- 
pects that may becontrolled — the preoperative evalu- 
ation and LTR surgical options — are those that may 
affect the outcome of the voice long after the patient 
has been decannulated. 


Inthe preoperative evaluation, vocal cord mobility 
is evaluated carefully, especially with posterior glot- 
tic stenosis. We use laryngeal electromyography 
(EMG), applying the technique reported by Koch et 
al,!” on occasion to ascertain laryngeal neuromuscu- 
lar function. Arytenoid position and mobility are 
carefully examined, as well as the glottic extent of the 
stenosis itself. Severe laryngeal stenosis that in- 
volves the free margin of the true vocal folds (fused 
vocal folds) will adversely affect phonation regard- 
less of other considerations. The parents should be 
counseled preoperatively that in the long term the 
voice may not be normal. If the free margins of the 
membranous folds are uninvolved, every effort may 
then be taken to protect them. 


At the time of LTR, special attention to several 
anatomic structures of the larynx that affect phona- 
tion may influence the postoperative voice result. 
These include the anterior commissure, the vocal fold 
mucosa, the laryngeal nerves, and the arytenoids. 


Problems with the anterior commissure have af- 
fected the postoperative voice result.1?15 The ante- 
rior commissure and the level of the free margin of the 
vocal folds is at the midpoint between the thyroid 
notch and the inferior edge of the thyroid lamina in 
children.!5 It is advantageous to avoid a complete 
laryngofissure through theanterior commissure when 


possible. If possible, the superior extent of the inci- 
sion should extend no higher than one third the 
anterior height of the thyroid lamina. Despite de- 
scriptions from previous reports,”!? complete laryngo- 
fissure often was not required in our experience in 
order to perform a posterior cricoid division, or to 
place a posterior cartilage graft. When complete 
laryngofissure was necessary, exact reapproximation 
of the anterior commissure was found to be crucial to 
avoid glottic problems at this level. This was aided by 
marking the midline with methylene blue prior to 
division. We have observed both blunting of the 
anterior commissure and vocal folds at different 
levels, with resultant vertical asymmetry in vibration 
of the vocal folds following LTR surgery.1? This has 
affected adversely the postoperative voice result. 


When an anterior cartilage graft is employed in 
LTR, itis important to avoid placing the superior end 
of the cartilage graft into the middle of the thyroid 
cartilage, as was seen in several patients referred to 
our institution. The superior portion of the graft 
should extend if possible just to the inferior edge of 
the thyroid lamina. Placement of the anterior carti- 
lage graft in the cricothyroid membrane, between the 
cricoid and thyroid cartilages, likely affects the func- 
tion of the cricothyroid muscle. The action of this 
muscle, by drawing the two cartilages together ante- 
riorly while the larynx rotates on the cricothyroid 
joints, results in a stretching and thinning of the vocal 
folds, causing elevation in pitch during phonation. 
Some limitation in pitch range might be expected in 
post-LTR patients with an anterior graft. Pitch limi- 
tation may manifest when the child is older and 
attempts to sing. This question requires further long- 
term investigation. 


Complete anterior laryngofissure also can result in 
the posterior displacement of the petiole region of the 
epiglottis, with blunting of the anterior commissure 
and foreshortening of the anterior-posterior dimen- 
sion of the supraglottis at or above the false vocal 
folds. This postoperative configuration was some- 
times seen in patients who required multiple LTR 
procedures.! We hypothesize that repeated complete 
laryngofissure disrupts the suspension of the epiglot- 
tis at the thyroepiglottic ligament and yields fibrosis 
in the preepiglottic space. 


The vocal fold mucosa is a freely pliable mem- 
brane when uninvolved with the stenotic process. It 
vibrates through interaction with the subglottic air- 
stream and underlying contraction of laryngeal 
muscles to produce the acoustic source for the vocal 
tract. The development of scar in the lamina propria 
of the vocal fold will inhibit vibration and impair the 
postoperative voice. Therefore, it is important to 
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TABLE 3. POTENTIAL ADVERSE EFFECTS ON PHONATION AND TECHNIQUES USED TO AVOID THEM 


Procedures Potential Adverse Effects on Phonation Techniques 
Anterior laryngotracheal split Anterior commissure disruption; vocal fold Avoid complete laryngofissure, if 
and/or graft vertical asymmetry; cricothyroid muscle possible; avoid graft placement in 
dysfunction; supraglottic collapse anterior commissure; perform exact 
alignment of anterior commissure 
Posterior laryngotracheal split Increased glottic gap; impaired arytenoid Avoid excessive graft width; use gentle 
and/or graft adduction; arytenoid subluxation retraction of hemicricoid 
Four-quadrant split Recurrent laryngeal nerve injury Use hemicricoid division at midportion 
or anteriorly 
Stents Scarring of vocal fold mucosa; impaired Minimize stenting time; use single-stage 
arytenoid mobility laryngotracheal reconstruction, if pos- 


avoid trauma to the vocal fold mucosa during LTR. 
One possible source of trauma is the endolaryngeal 
stent. The stent, although lying mainly in the poste- 
rior glottis and abutting the vocal processes of the 
arytenoids, also may contact the free edge of the 
anterior vocal folds. This prolonged endolaryngeal 
intubation may result in vocal fold scar formation. 


In a goat animal study of the effect of long-term 
endolaryngeal stents on the larynx, disruption of 
laryngeal mucosa and the underlying tunica elastica, 
particularly in the posterior glottis, was observed in 
preparations thatunderwent endolaryngeal stent place- 
ment for 3 months. Squamous metaplasia of the 
posterior glottic mucosa was seen, as well as erosion 
of the vocal process. Epithelial hyperplasia and fi- 
brous proliferation in the submucosa anterior to the 
vocal process were observed. Leonard et al?! studied 
the effect of 7-day intubation in small dogs. Larynges 
harvested 5 weeks after extubation exhibited epithe- 
lial disruption, hypertrophy of the epithelial layer, 
and proliferation of subepithelial connective tissue. 
These changes, although mainly in the posterior 
glottis, also were observed in the membranous fold 
anterior to the vocal process. The implications of 
these animal studies point to adverse effects on pho- 
nation from endolaryngeal stents. 


In planning LTR surgery, we have found it helpful 
to minimize the stenting time to spare injury to the 
vocal fold mucosa. In selected cases, when the stenotic 
process was confined to the subglottis and not involv- 
ing the free edge of the vocal folds, and stent place- 
ment was deemed necessary to stabilize the graft, a 
stent was placed below the vocal fold mucosa. The 
single-stage LTR also has advantages in regard to 
minimizing vocal fold injury. In our experience, 
phonation results generally have been good when this 
technique, with its short stenting period, has been 
used. 


Injury to the laryngeal nerves must be avoided in 
order to optimize postoperative phonation. The ex- 
ternal branch of the superior laryngeal nerve inner- 


sible; stent below vocal folds, if possible 


vates the cricothyroid muscle. Electrocautery around 
the cricoid or on the cricothyroid muscle may injure 
this nerve and cause a superior laryngeal nerve pa- 
ralysis. While not having a marked effect on postop- 
erative voice quality, it may affect it to some degree, 
to limit pitch range and singing. More important is 
avoidance of injury to the recurrent laryngeal nerve. 
Anterior and posterior laryngotracheofissure is kept 
in the midline, away from the tracheoesophageal 
groove. When four-quadrant cricoid division (lateral 
cricoid cuts) is employed, it is important to stay 
anterior on the hemicricoid to avoid injury to the 
recurrent laryngeal nerve.22 


The arytenoid cartilages also affect postoperative 
phonation ability. It is important to assess arytenoid 
position and mobility preoperatively. During sur- 
gery, excessive retraction on the hemicricoid during 
the placement of posterior grafts may subluxate or 
dislocate the arytenoid cartilage. This would affect 
vocal fold mobility as well as airway patency. Crico- 
arytenoid joint fixation was seen following LTR in 
several patients with breathy voices studied by 
fiberoptic laryngoscopy. These patients had re- 
quired long-term stenting and multiple procedures. 


À summary of phonation problems, their relation 
to LTR procedure types, and suggested technical 
details is provided in Table 3. 


In the interpretation of reports of voice quality and 
phonation following LTR itis important to recognize 
several factors. Apparent satisfaction with the out- 
come of LTR surgery in terms of voice may reflect 
parent satisfaction that the tracheostomy is no longer 
present and that the child is better able to communi- 
cate without a tracheostomy, especially if the child 
was aphonic preoperatively. This is reflected in the 
survey of Sell and MacCurtain,? in which the parents 
of 16 patients after LTR surgery were questioned to 
detect the parental degree of satisfaction with re- 
sidual voice quality after decannulation. Ninety-three 
percent classified the speech as different from that of 
other children. Fifty percent were happy with the 
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TABLE 4. AVOIDANCE OF SWALLOWING PROBLEMS 


Assess swallowing difficulties preoperatively, especially in 
neurologically delayed children 


For posterior cricoid split, avoid complete division of interary- 
tenoid muscle 


Use gastrostomy tube, if present, during stenting time 
Minimize stenting time 

Use single-stage laryngotracheal reconstruction, when possible 
Stent below vocal folds, when possible 

Advance feedings slowly 

Thicken feedings 

When Aboulker stent used, plug or cap hole if necessary 

M gi long-term stent needed, try beveled Portex endotracheal 
tu 


voice and 46% classified the voice as a problem. 
Despite this, 8096 of parents stated they would pro- 
ceed with surgery again for their child despite the 
resultant voice. 


The quality of the post-LTR pattern of abnormal 
phonation has been compared to the voice of adults 
who have undergone partial laryngectomy.!^ This 
type of voice likely becomes a long-term physical 
disability for a child. Disordered voices adversely 
affect peers' and adults' perceptions of certain physi- 
cal and personality traits of children.2324 Long-term 
education and employment opportunities are likely to 
be affected. The longer the patients have been fol- 
lowed up after LTR, the more voice has become an 
issue of concern for parent and patient. Clearly, long- 
term prospective studies are needed to evaluate fur- 
ther subglottic and laryngeal stenosis, its treatment 
with LTR, and the resulting effects on voice. 


Swallowing. In the study period, swallowing diffi- 
culties manifested as a perioperative problem during 
the stenting time following LTR. When the stent was 
placed through the larynx to rest at the level of the 
arytenoids and epiglottis,2? aspiration occasionally 
developed through the hole in the top of the stent. 
Prolonged aspiration, even when low-grade, mani- 
fested during the stenting time as recurrent cough, 
tracheobronchitis, or pneumonia. These were treated 
with oral antibiotics. No patient required hospitaliza- 
tion for these problems during the study period. 
Patients with swallowing difficulties also had poor 
weight gain during the stenting period. 


The preoperative assessment of swallowing is an 
important part of the evaluation in children who 
undergo LTR. Children with tracheostomies and 
laryngotracheal stenosis due to prolonged intubation 
as premature neonates frequently exhibit feeding 
difficulties. Poor sucking ability, hypotonic or hyper- 
tonic reflexes, behavioral feeding problems, and alter- 
ations in anatomy of the upper aerodigestive tract 


place them at risk. These children also are more 
prone to develop gastroesophageal reflux. A thor- 
ough feeding history is taken to ascertain the pres- 
ence of swallowing difficulties. An esophageal pH 
probe and a radionuclide gastric emptying scan are 
performed to check for gastroesophageal reflux. 


Assessment of the preoperativerisk of aspiration is 
important in planning the type of LTR procedure, the 
design of the stent, and the stenting duration. Follow- 
ing the LTR surgery, diet was advanced slowly. Most 
patients with an intralaryngeal stent exhibited aspira- 
tion to some degree initially. The use of soft or pureed 
diet and food thickeners was helpful in the first 7 to 
10 days postoperatively in improving swallowing 
and was occasionally required during the entire stent 
duration. 


Those patients with posterior cricoid splits and 
grafts tended to have more postoperative swallowing 
difficulties. This was particularly evident in those 
with developmental delay. It was important in the 
posterior cricoid split to avoid complete division of 
the interarytenoid muscle, which could impair glottic 
closure during swallowing. 


Following stent removal, most swallowing prob- 
lems resolved quickly. Posterior cricoid splits and 
grafts theoretically increase the risk of long-term 
aspiration. This has been observed to be a long-term 
problem in a few patients with preoperatively identi- 
fied feeding problems. Those with feeding difficul- 
ties before LTR, whose therapy was interrupted by 
LTR and stenting, required close follow-up and 
reinstitution of therapy. A summary of recommenda- 
tions to avoid swallowing problems following LTR is 
given in Table 4. 


CONCLUSION 


As important functions of the larynx, swallowing 
and phonation are affected by LTR surgery. Impair- 
ment of swallowing is usually a perioperative prob- 
lem during the time of endolaryngeal stent place- 
ment. Premature, neurologically impaired, and de- 
velopmentally delayed children have an increased 
risk of swallowing difficulties as well as gastro- 
esophageal reflux. It is important to assess the preop- 
erative risk of swallowing problems and aspiration in 
planning the type of procedure and the stenting dura- 
tion. Diet manipulation in the postoperative period is 
frequently needed to aid swallowing and to prevent 
aspiration. Stent plugs or stents placed below the 
vocal folds may be helpful in selected cases to mini- 
mize perioperative swallowing difficulties. It is ap- 
parent that swallowing difficulties also may be ame- 
liorated with shorter stenting duration, or use of 
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techniques that avoid stent placement, such as single- 
stage LTR.2? 


Impairment of phonation is usually a delayed post- 
operative problem, most apparent after decannulation. 
If the stenotic lesion involves the free edges of the 
vocal folds or the posterior glottis, phonation diffi- 
culties may be anticipated. Attention to surgical de- 
tails during LTR surgery may prevent or minimize 


phonation difficulties and yield a satisfactory long- 
termresult. Concomitant speech and language delays 
and disabilities are seen frequently in these patients. 
Close follow-up and speech-language therapy often 
are required to enhance the child's communicative 
skills. Prospective studies of vocal function with 
long-term follow-up in pediatric LTR patients are 
advocated for further investigation of these prob- 
lems. 
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Inadvertent aspiration or ingestion of products in children is a reportable problem. The National Electronic Injury Surveillance 
System (NEISS) monitors 119 hospitals for product (nonfood) hazards through a network of emergency room physicians. Coins (52%) 
remain the most frequently ingested object (1988-1989). Pins, including nails and bolts, are second in rank. Spheres (eg, balls) are the 
most common cause of death. Most deaths (97%) occur in the home. Younger children (13.4 versus 22.7 months) are more at risk for 
death. This analysis suggests that shape, as well as availability, is important in children’s injuries and deaths. Accurate reporting to NEISS 
of all aspirated objects remains essential so that product safety and the public’s health can be improved. Food product injuries, however, 


are not reported to NEISS. 


KEY WORDS —- aspiration, foreign body, ingestion, National Electronic Injury Surveillance System. 


INTRODUCTION 


Aspiration or ingestion of a foreign object (FB/AT) 
remains a persistent and occasionally fatal problem. 
Morbidity and mortality figures have improved dra- 
matically through the employment of hospital-based 
benefits such as improved bronchoscopic removal 
techniques, as well as the safer use of general anes- 
thesia. Recent efforts have focused on improved 
public health safety measures such as outreach pro- 
grams of prevention and education to prevent chil- 
dren from gaining access to small objects. 


TheConsumer Product Safety Commission (CPSC) 
developed in 1973 the National Electronic Injury 
Surveillance System (NEISS), which monitors prod- 
uct-related injuries through an integrated system of 
119 hospitals and/or their emergency physicians.! 
This network of hospitals was designed to represent 
all US geographic regions and collect important data 
that are disseminated through government agencies 
to the public. 


Judgment on public health issues, such as the 
Small Parts Test Fixture, is based on these figures? 
The data are also important because they monitor 
changing trends of injury and identify newer hazard- 
ous products. The NEISS system is unique, and it 
provides to the physician data on events that occur in 
the home or work place and are brought to the 
emergency room. The sensitivity of this reporting 
system for identifying offending objects is untested, 
but it remains the benchmark for decisions on public 
health issues.? 


Bronchoesophagologists are quite familiar with 
the persistent, severe FB/AI injuries that require 
hospitalization. Physicians may be less familiar with 
choking events thatoccur inthe home and are screened 
and evaluated by emergency physicians. Our ability 
to assist in prevention of FB/AI injuries and to con- 
duct education programs for childhood safety re- 
quires that we be equally familiar with this other, 
largely outpatient data base. 


Therefore, we undertook a retrospective analysis 
of NEISS data (1988 through 1990) to assess the 
present risk of FB/AI mortality and/or morbidity 
from common household and everyday objects.* A 
better awareness of these data is particularly impor- 
tant to physicians who are responsible for the evalu- 
ation and surgical removal of persistent foreign bod- 
ies. 


These data are important to improving childhood 
safety, particularly at home. Careful scrutiny is im- 
portant to understanding the mechanism and fre- 
quency of aspiration of persistent foreign bodies. 


MATERIALS AND METHOD 


Data from the CPSC computers were obtained for 
the years 1988 through 1990. The NEISS system is a 
federally funded arm of the CPSC. This data retrieval 
network possesses the ability to monitor approxi- 
mately 119 hospitals throughout the United States. 
An outpatient record is completed that includes the 
date of the accident, case number, sex and age of the 
victim, diagnosis and body part affected, disposition, 
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FOREIGN BODY ASPIRATIONS AND INGESTIONS 
Boys __ Girls pes a % At 
Total No. % No. % (mo) rations Home 
Injury 1,130 588 52 542 48 22 75 75 
Death 41* 25 61 15 37 15 100 97 
*One child was not identified by sex. 





product or products involved, and location of the 
accident. The reporting of the information permits an 
accrual of data that are analyzed on a monthly and 
yearly basis. Foods and food parts, including nuts, 
bones, etc, are not recorded in this data base. 


Ouranalysis included all reported emergency room 
encounters for FB/AI for ages 0 to 3 years for the 2- 
year period 1988 and 1989. However, product-re- 
lated deaths for a 3-year period (1988 through 1990) 
from FB/AI were analyzed to obtain larger numbers. 
All the information obtained is part of the public 
record of the CPSC and was obtained from its com- 
puter printouts. 


RESULTS 


Product Morbidity Data. The 2 years of injury 
analysis (1988 and 1989) included 1,130 emergency 
room visits for FB/AI injury. The average age for 
children injured was 22.75 months. Slightly over one 
half (52%) of the children were young boys (see 
Table). 


At least three quarters of all injuries were reported 
to occur in the home. The sites of the remaining one 
quarter were unspecified. All the children brought to 
the emergency room were evaluated, and 93% were 
released without overnight hospitalization. 


Analysis of thetype of choking event that occurred 
reveals that more than 9596 of foreign bodies are 
designated “ingested” and less than 5% as “aspi- 
rated" by the emergency room staff. Of the 7% of 
children who were admitted for hospitalization, 1296 
had "aspirations." 
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Careful study of the offending objects reveals the 
following trends (see Figure, A). Coins were in- 
volved in over 50% of all emergency room encoun- 
ters. (The range over the 2 years was from 51% to 
53.8%.) The frequency was pennies 63%, nickels 
10%, quarters 6%, and dimes 5%. Unspecified coins 
made up 15% of the total. This distribution mimics 
that of coins in circulation: pennies 74%, nickels 7%, 
dimes 10%, and quarters 9% (personal communica- 
tion, US Mint Public Information Bureau, Washing- 
ton, DC). 


The remaining objects were various in frequency, 
size, and shape. Present in much smaller groupings 
(each less than 6%) were several common objects. 
Slender shapes, such as pins, needles, and screws, 
were second to coins at approximately 5%. Toys were 
in third place at just under 4% of choked-on objects. 
Jewelry, including earrings, accounted for approx- 
imately 2% of the total. Balloons, although often 
implicated in fatalities, were detected in only 0.7% of 
children (see Figure, A). 


Product Mortality Data. Three years of NEISS 
data (1988 through 1990) were reviewed. A total of 
41 deaths from product FB/AI occurred at the report- 
ing hospitals. The average age at death was 14.8 
months. More than half were boys (61%). Virtually 
all deaths (97%) occurred at home. The racial distri- 
bution was similar for the mortality and morbidity 
groups. 


The offending objects associated with a fatal out- 
come included spheres in almost one third (30%; see 
Figure, B). The second most common fatal grouping 
was pointed objects (needles and screws) in approxi- 
mately 20%. Medications, such as pills, were less 
common (12%), followed by balloons (10%). Toys 
were reported in three deaths (7%) in 3 years, and 
included toy parts. 


DISCUSSION 
This study of the data obtained through NEISS 
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Graphic presentation of data from National Electronic Injury Surveillance System. Children are 0 to 3 years old. Foods are 
excluded. A) Children's injuries by aspiration or ingestion, 1988-1989. B) Children's deaths from aspiration, 1988-1990. 
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continues to demonstrate a high propensity for young 
children to explore their environment and risk injury. 
Accidental FB/AI remains a health problem. Fortu- 
nately, 9 of 10 “choking” events, although alarming 
enough to prompt an emergency room visit, have a 
benign outcome. Over 93% of children are released to 
home. 


For the remaining 7%, the injury was serious and 
required hospitalization and/or transfer to another 
hospital facility. There were no in-hospital deaths 
reported. The hospital mortality rate for FB/AI has 
been remarkably reduced, from over 5096 to about 
096 in the last 70 years. 


The strikingly high incidence of coin ingestions 
remains noteworthy. The most common were pen- 
nies, which are 10 times more frequent in FB/AI than 
dimes or quarters, and 6 times more common than 
nickels. The survivorship for coin FB/AI (ie, passage 
through the gastrointestinal tract or endoscopic re- 
moval) has become better for all children who reach 
an appropriate health care facility, through appropri- 
ate diagnostic radiographs and/or endoscopic remov- 
al. The three deaths from coins occurred at home, 
prior to hospital evaluation. 


There are two noteworthy differences between the 
morbidity and mortality data. The age in months for 
risk of death is significantly younger (13.4 versus 
22.7 months). Also, there is a significantly higher 
male preponderance in the death category compared 
to the morbidity category (61% versus 5196). Over- 
all, male children appear much more at risk for a fatal 
outcome, and more prone than girls to be involved in 
an injury from consumer products. 


Also, "aspiration" was recorded to have occurred 
at about 5% of the total number of events, and is 
215 times more likely than “ingestion” to result in 
hospitalization. However, critical diagnostic evalua- 
tions to confirm aspiration, such as radiographic 
fluoroscopy and bronchoscopy, are not regularly 
used in the emergency room. Clinical judgment alone 
may predispose such children to have the seriousness 
of the aspiration missed or diagnosed late. 


Bronchoesophagologists who work in tertiary care 


hospitals evaluate those children who require hospi- 
talization for FB/AI. Our data show that it is 19 times 
more common for children following FB/AI to be 
discharged from the hospital emergency room than to 
be hospitalized. Retrospective studies of hospitalized 
children may miss some types of products causing 


X. substantial injury. 


Several important factors of FB/AI analysis are 
missing from this data base. Foods and food parts are 
wellrecognized as the most common causes of chok- 
ing events, but are not reported in this analysis. Also, 
our sampling of hospitals is widely distributed, but is 
based on patient referral patterns and population 
demographics developed almost 20 years ago when 
NEISS was initiated. Recently, more tertiary care 
centers, such as university or children's hospitals, 
care for the child with FB/AI. Do the present data 
compare with the FB/AIs treated at tertiary care 
centers? Direct referrals from emergency physicians 
to tertiary care institutions are also not included in 
this analysis. 


Accurate detail on the exact size and shape of 
aspirated foreign objects is not available. Specific, 
accurate data would be useful to better understand 
and analyze the mechanics of FB/AI. The mortality 
and morbidity data from NEISS should address shape 
and size of those foreign bodies that lodge and persist, 
causing injury. Future studies should be directed 
toward a comparison of our data to similar data from 
children's hospitals. 


CONCLUSIONS 


Coins remain the most common foreign objects 
(5296) that are aspirated or ingested in children 0 to 3 
years old. Boys have more injuries and risk of death. 
Over three fourths of injuries and more than 9096 of 
deaths occur in the home, Spherical objects (eg, balls 
and pills) are most likely to cause asphyxiation (41%). 
Therefore, the highest risk is for the 2-year-old male 
child in the home. The parents, the home environ- 
ment, and product design should be addressed for 
prevention and improved child health. Further analy- 
sis of shape and size of foreign bodies is indicated. 
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Gastroesophageal reflux (GER) in children may be classified as physiologic or pathologic, depending on its degree and 
consequences. There are many head and neck complications of GER in pediatric patients, but most numerous are the airway 
manifestations, including stridor, recurrent croup, exacerbation of subglottic stenosis, laryngeal irritation with or without laryngospasm, 
chronic cough, and obstructive apnea. Diagnosis may be difficult unless there is a high index of suspicion for GER and awareness of the 
concept of "silent" GER. We present the common pediatric airway manifestations of GER, illustrated by case reports, and provide a 
paradigm to assist in the diagnosis and management of children with airway compromise associated with GER. | 


KEY WORDS — apnea, gastroesophageal reflux, pediatric airway compromise, silent gastroesophageal reflux, stridor, subglottic 


stenosis. 
INTRODUCTION 


Gastroesophageal reflux (GER) describes the ret- 
rograde movement of gastric contents into the esopha- 
gus. The refluxed material, which may contain acid, 
pepsin, bile acids, and pancreatic enzymes, has the 
ability to irritate or injure tissues not adapted to the 
presence of these potentially noxious materials. 
Gastroesophageal reflux is common in infants and 
children and can result in serious morbidity and even 
mortality. The natural history of GER without active 
therapy was documented in 1959.3 The need to iden- 
tify and treat this entity can thus be appreciated. 


The classic symptoms of pediatric GER-induced 
tissue injury are emesis, dysphagia, rumination, burp- 
ing, choking, gagging, and failure to thrive. Heart- 
burn is not a prominent symptom in children.* Re- 
cently, attention has been focused on the head and 
neck manifestations of GER.*-’ A multitude of pedi- 
atric airway complications has been associated with 
GER, frequently in children who do not demonstrate 
the classic symptoms of GER. A high index of 
suspicion is required to accurately diagnose and treat 
airway disease in these patients. 


CLASSIFICATION 
There are various classifications of GER. The most 


basic approach is to separate GER into physiologic 
and pathologic forms. Episodic reflux may be a 
physiologic phenomenon, particularly in the post- 
prandial period. Children with physiologic reflux 
have infrequent episodes of emesis. Pathologic GER 
occurs when the frequency of refluxing becomes 
greater than that in the physiologic state, leading to 
symptoms or disease. The clinical delineation of 
pathologic from physiologic GER may be extremely 
difficult. The esophageal pH has been studied in 
infants of various ages. The total percentage of time 
that the pH was less than 4 averaged 7%, with a range 
of 3% to 11%.? Thus, reflux greater than 7% is an 
accepted standard differentiating physiologic from 
pathologic GER. Because infants from 3 to 9 months 
of age may spend an average of 9% to 10% of the time 
with a pH less than 4,? some institutions may opt to 
use this higher upper limit to define pathologic GER. 


Children with pathologic GER may have frequent, 
daily episodes of emesis; however, the concept of 
“silent” GER must be understood and appreciated in 
this group of patients. Kennedyl? described silent 
GER in association with respiratory problems in 
1962 and was one of the first authors to document that 
significant GER may occur in the absence of classic 
symptoms. Pathologic GER may lead to a variety of 
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disease processes due to esophageal involvement 
(esophagitis, stricture, Sandifer's syndrome) and may 
manifest as nutritional (failure to thrive, feeding 
difficulties) or behavioral problems (sleep distur- 
bances, excessive crying). 65.1.12 Respiratory mani- 
festations that should heighten suspicion for GER- 
associated diseases are stridor, recurrent croup, sub- 
glottic stenosis, laryngitis, laryngospasm, chronic 
cough, and obstructive apnea in the upper airway, and 
recurrent pneumonia, recurrent bronchitis, asthma or 
bronchospasm, and bronchopulmonary dysplasia in 
the lower airway. Physiologic GER may become 
pathologic GER at any time during its course, and the 
difference between them is not related to the frequen- 
cy or duration of symptoms.!? 


DIAGNOSIS 


An accurate diagnosis of GER starts with a high 
index of suspicion. A history is helpful in children 
who have the classic symptoms; however, in the 
absence of these symptoms, silent GER can only be 
ruled out by further studies. The evaluation for GER 
ideally should demonstrate the presence or absence 
of reflux, the severity of the reflux, and the identifi- 
cation of reflux as the cause of the child's symp- 
toms.!> There is no single test that can fulfill all of 
these criteria; thus, a combination of tests is often 
employed. The mostcommonly used tests are esopha- 
geal pH monitoring, the upper gastrointestinal (UGI) 
series, the nuclear medicine scintiscan, esophagoscopy 
with or without biopsy, bronchoscopy with lipid- 
laden macrophages (LLMs), and a modified Bernstein 
test. 


The gold standard for diagnosis of GER is pro- 
longed esophageal pH monitoring in conjunction 
with a history of subjective symptoms. This test 
documents multiple parameters, including the daily 
percentage of reflux and the duration of reflux epi- 
sodes. Reflux of acidic material is readily deter- 
mined, but an acid-neutral refluxate may not be iden- 
tified. To enhance the efficacy of prolonged esopha- 
geal pH monitoring, we discontinue all histamine H2 
receptor antagonists 72 hours prior to testing and 
have the parents log in a diary the patient's symptoms 
and food intake during the test period. Although 
certain dietary items may immediately interfere with 
precise readings, the prolonged nature of the study 
usually allows for an accurate diagnosis to be made. 
Significant GER may go undetected if the refluxate is 
alkaline, as in “bile” reflux. If this is suspected, we 
proceed with one of the other diagnostic tests that do 
not rely on acidification. We do not feel that esopha- 
geal pH monitoring for short intervals of time using 
provocative measures to induce GER, such as Valsal- 


va maneuvers, are as reliable as an 18- to 24-hour 
monitoring period; thus, this method of evaluation is 
not recommended. Barium swallow studies are use- 
ful to visualize anatomy, but the sensitivity for reflux 
is low. 


It is important to document the lack of a tracheo- 
esophageal communication, gastric outlet obstruc- 
tion, and partial malrotation, all of which may be 
surgically correctable and may exacerbate GER- 
associated airway symptoms. Nuclear medicine 
scintiscans can detect delayed gastric emptying, as 
well as pulmonary aspiration of gastric material. 
Esophagoscopy does not detect GER itself, but does 
evaluate esophageal mucosal abnormalities; how- 
ever, normal mucosa does not rule out GER. Biopsies 
may increase the diagnostic yield, but significant 
GER may occurin the absence of esophagitis. Esoph- 
agitis may also be evaluated via suction biopsies of 
the esophageal mucosa.1*15 Direct visualization is 
not achieved, but this technique may yield additional 
information without the need for sedation. 


Bronchoscopy to identify laryngotracheal muco- 
sal abnormalities, with tracheal aspirates for LLMs, 
has achieved an increasingly popular role in the 
diagnosis of GER with aspiration. Wynne et al!6 
demonstrated in mice that microaspiration of gastric 
contents in quantities insufficient to lead to aspiration 
pneumonia could cause significant tracheal mucosal 
damage. Aspiration of gastric contents was most 
damaging when the pH was low. Evaluation of tra- 
cheal aspirates for LLMs has been studied exten- 
sively.!7-19 The conclusion has been that the presence 
of LLMs does not solely indicate gastric content 
aspiration, since a variety of irritative phenomena 
may induce LLMs; however, patients with gastric 
content aspiration may have a greater quantity of 
LLMs per high-power field. As the sensitivity. of 
LLMs in detecting GER with aspiration is 85%, the 
absence of LLMs does not rule out GER.!9 Further 
evaluation should be pursued if clinical suspicion is 
high. Because of the high rate of respiratory symp- 
toms associated with GER, it has been recommended 
that bronchoscopy be routinely carried out at the time 
esophagoscopy is performed. Bronchoscopy will 
alleviate concerns of an associated primary anatomic 
or physiologic airway abnormality, as well as deter- 
mine the extent of laryngotracheal mucosal damage 
secondary to GER. À variety of airway findings can 
be seen with GER, as will be discussed later in this 
paper. 

The Bernstein test was originally designed to diag- 
nose esophagitis via reproduction of the patient's 
symptoms by acid directly perfused onto the distal 
esophagus. A modified Bernstein test may be useful 
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in determining GER as the cause of bronchospasm or 
stridor when the acidification of the distal esophagus 
induces these symptoms. The mere presence of GER 
and these airway symptoms does not indicate that the 
two are related, !4.21.22 Although this test is the defini- 
tive one to prove a causal relationship, we feel it is 
seldom required. A trial of medical management for 
documented GER and monitoring ofthe airway symp- 
toms is warranted. In the event of persistent airway 
symptoms with persistent GER, surgical manage- 
ment is justified. The modified Bernstein test may be 
best used when standard evaluations for GER have 
been negative but a high index of suspicion is still 
present. Acidification of the distal esophagus that 
reproduces the airway symptoms in these patients 
may then justify the treatment of previously undocu- 
mented GER. From a practical standpoint, if GER is 
documented in association with respiratory compro- 
mise, we do not feel the modified Bernstein test adds 
any information that would alter our management 
plans. 


TREATMENT 


Treatment of GER depends on the severity of the 
child's symptoms and their response to conservative 
management. In general, the vast majority of patients 
are successfully treated with a combination of con- 
servative or traditional (dietary, positioning, behav- 
ioral) and pharmacologic therapies. Pharmacologic 
agents (antacids, prokinetic agents, H2 blockers) are 
not usually employed until pathologic reflux is docu- 
mented. Prokinetic agents such as metoclopramide 
are useful for acid and alkaline reflux, because these 
agents increase the gastric emptying rate as well as 
the tone of the lower esophageal sphincter. Bethane- 
cholchloride, which was once thought to be aprokinet- 
ic agent, has been recently shown to improve GER by 
enhancing esophageal acid clearance via enhance- 
ment of saliva production.2?:^ The H2 blockers such 
as cimetidine and ranitidine hydrochloride are often 
used later in medical management when persistent 
acid reflux occurs. Neutralizing the refluxate to a 
more alkaline pH has been shown to lessen the 
damage to the upper airway mucosa.$^16 Surgical 
intervention (fundoplication, gastropexy) should be 
reserved for medical management failures. In in- 
stances of life-threatening airway events or in criti- 
cally ill children, surgical management may be a first 
line of therapy.?!! 


Decision-making in the evaluation and treatment 
of GER may be difficult. Most patients do not require 
all tests or all treatment modalities. When airway 
symptoms are present, GER is considered moderate 
to severe.!! Several case reports are provided to 


demonstrate important features ofthe history, workup, 
and treatment of GER-induced pediatric airway dis- 
ease. 


CASE REPORTS 
CASE 1 


A 16-month-old boy, the product of a full-term 
(FT) normal spontaneous vaginal delivery (NSVD), 
was intubated for 2 weeks during treatment for 
Guillain-Barré syndrome. Several days after extuba- 
tion, the child developed stridor that failed to improve 
with medical management. He underwent laser 
therapy for subglottic pranulation tissue, but this only 
transiently improved his airway. On referral to our 
facility, a bronchoscopy was performed that demon- 
strated a 60% circumferential subglottic stenosis 
(SGS). A one-stage laryngotracheoplasty was per- 
formed in lieu of a tracheotomy. The airway symp- 
toms resolved for 3 weeks. Repeat bronchoscopy 
revealed recurrent SGS with abundant granulation 
tissue that was unresponsive to laser therapy. Al- 
though the child had no symptoms to suggest GER, 
findings of a screening UGI series were normal. An 
esophageal pH probe was placed and documented 
multiple prolonged episodes of GER. Medical man- 
agement for GER was instituted. Bronchoscopy 1 
month later revealed a mild (15%) SGS without 
granulation tissue. He had no further airway compro- 
mise. 


Comment. Intubated patients are at risk for in- 
creased subglottic injury secondary to GER. Increased 
SGS has been documented in animal models when 
gastric secretions were applied to traumatized sub- 
glottic lumens.9? Attempts to correct the SGS will be 
unsuccessful until the GER is treated. In 1983, Bain 
et al5 described the first reported case of SGS refrac- 
tory to surgical management until GER was treated. 
Further support for treatment of GER to enhance 
successful laryngotracheal reconstruction of SGS 
was documented in 1987.2 The case we described 
was our index case that demonstrated the significant 
role GER played in airway problems unresponsive to 
standard therapy. We agree with others*^26 in rec- 
ommending routine evaluation to exclude GER in 
patients with SGS prior to proceeding with surgical 
correction. An aspirate for LLMs was not taken in 
this patient and may have been helpful in making the 
diagnosis of GER earlier. The failure of the UGI 
series to demonstrate GER in this patient confirms 
reports of low sensitivity of UGI series to detect 


. GER. If GER is suspected, prolonged esophageal pH 


monitoring or a scintiscan should be performed. 
CASE 2 
A 2-month-old boy, the product of an: FT NSVD, 
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was noted to have intermittent stridor several weeks 
after birth. His stridor continued to worsen until it 
became continuous and caused feeding difficulties. 
There was no prior history of vomiting, but the child 
did occasionally choke while feeding. A UGI series 
and a lateral neck radiograph showed normal find- 
ings. Bronchoscopy demonstrated moderate laryngo- 
malacia and posterior laryngeal erythema with a 
normal subglottis and trachea. Rare LLMs were found 
ona tracheal aspirate. The patient's stridor continued 
to worsen postoperatively. Àn esophageal pH probe 
was placed and demonstrated significant GER. His 
reflux was treated medically, and several days later 
the stridor was markedly improved. He remained 
with mild stridor more appropriate for his degree of 
laryngomalacia. 


Comment. The differential diagnosis of stridor in 
infants is extensive, with laryngomalacia being the 
most common cause. However, when the airway 
distress is out of proportion to the degree of laryn- 
gomalacia present, a second explanation should be 
sought. A UGI series was performed to rule out an 
_ anatomic problem, but no GER was noted. Because 
of the laryngeal findings and our suspicions, further 
evaluation for GER was pursued with an esophageal 
pH probe. There has been thought to be an association 
between laryngomalacia and GER owing to a focal 
neuromuscular immaturity.?" The prompt improve- 
ment in this patient's symptoms after GER therapy 
illustrates how the majority of children are amenable 
to medical management alone. Indeed, in cases of 
severe laryngomalacia that require surgical interven- 
tion, such as laser division of the aryepiglottic folds 
or epiglottoplasty292? (also Pransky et al, unpub- 
lished observations, 1986), we have identified a clear 
association with GER. In these cases, we recommend 
a full evaluation and medical management of GER 
prior to surgical intervention for the laryngomalacia. 


The cause of the GER-associated stridor is unclear. 
Nielson et al?? reported seven infants with continu- 
ous stridor in association with GER. Polysomno- 
graphic data demonstrated increased airway obstruc- 
tion with increased stridor and retractions in all 
infants during periods of reflux. That none of these 
patients had underlying laryngeal disease accounts 
for their total resolution of stridor after treatment of 
GER. Others?! have found that the presence of ana- 
tomic or functional laryngeal disease increases the 
risk for stridor in patients with GER. Two causes 
have been suggested. One is that the superimposition 
oflaryngospasm on an abnormal larynx increases the 
chances for stridor. The other is that the esophagitis 
associated with GER may produce marked irritability 
resulting in more rapid or forceful breathing, thus 


producing a relative airway narrowing on an already 
compromised larynx.?! 


CASE 3 


An 11-month-old boy, the product of an FT NSVD 
who had a markedly positive family history for asthma 
and atopic diseases, presented with recurrent croup. 
He had three major episodes of croup within the first 
9 months of life, with a tendency for "croupiness" 
between attacks. His baseline noisy breathing and 
cough slightly improved with antihistamine therapy; 
however, a bronchoscopy was performed because of 
the persistent airway symptoms. Posterior laryngeal 
edema and erythema was noted in conjunction with 
lateral subglottic wall inflammation. A tracheal aspi- 
rate for LLMs was negative. Two more episodes of 
significant croup occurred within the following 3 
months. An esophageal pH probe was placed and 
documented active reflux for 1796 of the 24-hour test 
time. Medical management was instituted. The pa- 
tient had no furtherepisodes of acute croupin the next 
6 months, but continued to have some baseline noisy 
breathing due to his underlying reactive airway dis- 
ease. 


Comment. Cases 2 and 3 demonstrate how GER 
may exacerbate airway disease that can result in 
residual symptoms even after adequate treatment of 
GER. The early diagnosis and effective treatment of 
GER as an exacerbator of underlying disease may 
prevent unnecessary aggressive treatment for mild 
respiratory diseases. Case 3 also demonstrates how 
tracheal aspirates for LLMs may be misleading. The 
negative aspirate may have caused a delay in pro- 
ceeding with a workup for GER. This case empha- 
sizes the point that no single test will accurately 
determine the presence or absence of GER. A high 
index of suspicion should be the driving force to 
proceed with further testing. 


CASE 4 


A 1-day-old girl was the firstborn of a 33-week 
twin gestation. She was noted to have a nasopharyn- 
geal mass antenatally. At the time of birth, no respi- 
ratory distress was apparent; however, several epi- 
sodes of bradycardia ultimately led to elective intu- 
bation within the first hour of life. Magnetic reso- 
nance imaging and a computed tomography scan 
were performed to determine that the nasopharyngeal 
mass did not involve the cranial cavity. The mass was 
excised via a transoral approach, leaving a complete 
cleft of the secondary palate. The mass was found to 
be a nasopharyngeal hairy polyp. Postoperatively, 
feeding was delayed because of a weak gag reflex. 
One month later, the child returned for a routine 
follow-up examination. A history of poor feeding and 
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noisy breathing was obtained. While in the office, the 
child suffered a severe apneic episode with cyanosis 
and was emergently admitted to the hospital. A UGI 
series was performed and demonstrated a sliding 
hiatal hernia and severe GER with distal erosive 
esophagitis. The patient was having continual epi- 
sodes of apnea and bradycardia that were life-threat- 
ening. Medical management, including a prokinetic 
agent and an H2 blocker, was attempted for 3 days. 
The severe episodes of apnea that intermittently 
required resuscitative measures continued. Because 
of the life-threatening nature of the patient's prob- 
lems, a fundoplication was performed. Within 48 
hours, the episodes of apnea resolved. Mild intermit- 
tent bradycardia continued for 2 weeks. The child 
continues to do well, tolerating oral feedings without 
respiratory compromise. 


Dual Evaluation 
and Management 


Comment. This case graphically illustrates how a 
standard trial of medical management for GER may 
be bypassed in the event of life-threatening airway 
compromise. Although the airway was secured by the 
fundoplication, not all the damage from the GER had 
healed. It is important to bear in mind the nonrespi- 
ratory manifestations of GER before determining 
that medical therapy may be stopped. This patient 
remained on some medical therapy as treatment of 
her severe esophagitis for several weeks, and follow- 
up will be needed with the gastroenterologists to 
ensure that an esophageal stricture does not develop. 


DISCUSSION 


Gastroesophageal reflux is often a benign, self- 
limited problem of infancy and early childhood, 
usually manifested by frequent episodes of emesis. 
Symptoms related to airway compromise have been 
widely recognized in association with GER. A his- 
tory suggestive of GER may not be present in these 
patients, as their airway compromise can be the only 
symptom of silent GER. | 


Suspect GER 
See Fig 2 


Fig 1. Paradigm for management of pediatric 
airway compromise. NLP — nasopharyngolar- 
yngoscopy, GER — gastroesophageal reflux. 


There are many mechanisms for GER-associated 
airway disease. Direct acid-induced mucosal damage 
of the upper airway is of primary concern for the 
otolaryngologist. However, reflex-mediated mecha- 
nisms are also extremely important and may lead to 
laryngospasm, bronchospasm, and apnea without 
direct involvement of acid on the upper airway mu- 
cosa. !4.15.21,22 Conversely, it has been recognized 
that primary airway disease and its treatment may 
induce GER.!5 Respiratory disorders or symptoms 
may provoke GER if they alter any of the antireflux 
barriers. Some of the more common examples in- 
clude positive abdominal pressure increases associ- 
ated with coughing and wheezing, negative intratho- 
racic pressure increases associated with stridor and 
hiccups, cigarette smoking or medications such as 
theophylline that relax the lower esophageal sphinc- 
ter, and chest physiotherapy that induces GER through 
provocative positioning and possibly forced expira- 
tions and cough manuevers.!? Thus, with the coexist- 
ence of GER and airway disease, careful assessment 
is warranted to determine which disease process is 
primary and which is secondary. This differentiation 
is important for accurate treatment of the patient's 
problem. 


Absolutes in diagnosing GER and in turn identify- 
ing reflux as the cause of the patient's symptoms do 
not exist; however, prolonged esophageal pH moni- 
toring is accepted as the gold standard. Because this 
test does not diagnose persistent GER if the refluxed 
material is alkaline, follow-up by this method may be 
difficult if H2 blockers have been used and persistent 
symptoms exist. Although the injury they cause is 
less severe, gastric contents with a higher pH may 
still cause significant airway damage.®?.16 Further 
evaluations may need to rely on barium swallow 
studies, scintiscans, and endoscopy. 


The key to accurately treating and following up 
patients with airway compromise associated with 
GER is to think of the diagnosis. Physicians often do 
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Fig 2. Paradigm for management of pediatric 
airway compromise with raised index of sus- 
picion for gastroesophageal reflux. LLM — 
lipid-laden macrophages. 


Life-threatening Symptoms 
Critically Ill Children 


not consider the potential connection between refrac- 
tory airway symptoms and GER while evaluating 
patients. The concept of silent GER is critical in 
understanding the inclusion of GER in the differen- 
tial diagnosis of airway compromise in children who 
infrequently regurgitate. 


We present our paradigm for the management of 
pediatric patients with airway compromise and illus- 
trate how a raised index of suspicion for GER should 
influence treatment plans (Figs 1 and 2). 


A screening airway evaluation in our patients 
involves a thorough history and physical examina- 
tion that includes flexiblenasopharyngolaryngoscopy. 
Flexible nasopharyngolaryngoscopy is critical for 
functional evaluation of the larynx for diagnoses 
such as vocal cord paralysis and laryngomalacia. The 
glottic and supraglottic anatomy is also well assessed 
with nasopharyngoscopy. A high-voltage neck x-ray 
study, which enhances airway visualization with de- 
creased soft tissue detail, may demonstrate SGS, 
cysts, or tumors. Barium esophagrams or magnetic 
resonance imaging may be indicated if a vascular 
abnormality is suspected. After the initial evaluation, 
a tentative diagnosis may be made. If a primary 
airway lesion is suspected, appropriate management 
should be instituted. This may include further diag- 
nostic tests, radiographs, medications, endoscopy, or 
open surgical procedures. After treatment, the patient 
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is reassessed. If the symptoms have not improved as 
anticipated, an underlying diagnosis of GER should 
be ruled out. Some patients will have a primary 
airway lesion in addition to GER. When this is 
suspected, a dual evaluation and treatment plan for 
both problems is warranted. In the event that the 
initial airway screen does not reveal evidence for a 
primary airway lesion, the suspicion for GER should 
be high and an evaluation should be initiated. 


We perform our GER evaluation in concert with 
the pediatric gastroenterology service. A UGI series 
is a frequent screening test. Although this test has a 
low sensitivity for GER, it is useful in documenting 
normal anatomy. À partial gastric outlet obstruction 
or malrotation may cause GER that is refractory to 
standard therapy. Ultimately, any patient referred for 
fundoplication must have a UGI series to demon- 
strate normal anatomy. When airway compromise 
requires more urgent care, the evaluation may begin 
directly with esophageal pH monitoring orascintiscan. 
Our collective experiences in a number of different 
institutions have shown that the decision to perform 
esophageal pH monitoring rather than a nuclear 
scintiscan depends on the availability of the studies 
and the clinician's expertise in performing and inter- 
preting them. Nuclear scintiscans are less reliable in 
the diagnosis of GER at our institution; thus, we 
perform esophageal pH monitoring regularly. Other 
institutions with proven track records for accurate 
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diagnosis of GER with scintiscans may use this 
modality initially and reserve esophageal pH moni- 
toring for the more refractory cases. Consultation 
with the gastroenterologists at individual institutions 
should allow for clarification of which modality is 
reliable for the diagnosis of GER in their pediatric 
patients. 


After GER is diagnosed, a trial of conservative 
management along with a prokinetic agent, such as 
metoclopramide, is recommended; however, life- 
threatening symptoms may be an indication for ur- 
gent fundoplication. Reassessment of the patient is 
performed 6 to 8 weeks after therapy. If ongoing 
symptoms are present, an endoscopic evaluation is 
performed. Endoscopy is also indicated when there is 
ahigh index of suspicion for GER but the initial GER 
screening evaluation is negative. 


Esophageal evaluations are performed in our insti- 
tution via esophagoscopy with or without biopsy. 
Evidence of severe esophagitis, such as ulcerations or 
mucosal slough, precludes the need for tissue biopsy. 
While someinstitutions employ blind suction esopha- 
geal biopsies, we feel that children with suspected 
airway compromise related to GER are best treated 
with direct visualization of the esophagus and upper 
airway. 


Common laryngeal mucosal abnormalities that we 
have found in association with GER include posterior 
laryngitis, hypertrophic interarytenoid tissue, edema- 
tous vocal cords, diffuse supraglottic edema, vocal 
cord granulomas, and subglottic inflammation. In the 
tracheobronchial tree, GER-induced mucosal abnor- 
malities may occur as "cobblestoneing" along the 
posterior tracheal wall, diffuse mucosal edema, blunt- 


ing ofthe carina, and friable mucosa. An unsuspected 
primary airway lesion may also be found during 
endoscopy and should be managed appropriately. In 
the uncommon event that a complete evaluation 
reveals no evidence of a primary airway lesion or 
GER, itisrecommended that the patient be monitored 
closely and possibly undergo a repeat evaluation. We 
prefer not to treat patients in whom GER cannot be 
diagnosed by at least one method, because an end 
point to therapy is unclear. Furthermore, patients 
with persistent symptoms in the face of maximal 
therapy cannot be referred for fundoplication if GER 
has not been demonstrated. Since GER can be inter- 
mittent, we recommend repeating negative studies if 
the suspicion for GER remains high. In these patients, 
the modified Bernstein test may also be applicable to 
demonstrate that esophageal acidification undocu- 
mented by previous studies can induce the patient's 
airway symptoms. All patients with persistent airway 
compromise and documented GER who fail to im- 
prove with medical treatment should be considered 
for fundoplication. In general, a failure is not deter- 
mined before 6 weeks of therapy, but this rule can be 
modified according to the degree of airway symp- 
toms. 


SUMMARY 


Gastroesophageal reflux in the pediatric popula- 
tion has a variety of manifestations. Airway compro- 
mise may bring children with this disease to the 
attention of otolaryngologists. À high index of suspi- 
cion is required to accurately diagnose the disease 
and treat these patients. We have presented a para- 
digm to assist in the management of pediatric patients 
with airway compromise associated with GER. 
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DISTRIBUTIONS OF EUSTACHIAN TUBE GOBLET CELLS AND 
GLANDS IN CHILDREN WITH AND WITHOUT OTITIS MEDIA 
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The distributions of the goblet cells and submucosal glands in eustachian tubes (ETs) from children with or without otitis media (OM) 
were studied. From 12 temporal bone-ET specimens obtained from children 1 to 7 years old at death, representative vertically cut 
histology sections were selected, stained with periodic acid-Schiff-Alcian blue and hematoxylin, and studied by light microscopy. In 
children without OM, the density of the goblet cells was significantly lower in the roof than in the floor of the ET and was highest in 
the midcartilaginous portion; glands were most richly distributed near the pharyngeal orifice, and became less densely distributed toward 
the tympanic portion. In children with OM, the density of the goblet cells was significantly higher both in the roof and floor portions, 
and the glands were more richly distributed than in the ETs of children without OM. The possibility that the observed increase in ET 
secretory components in children with OM impairs the passage of air through these tubes is discussed. 


KEY WORDS —- eustachian tube, glands, goblet cells, otitis media. 


INTRODUCTION 


The eustachian tube (ET) is an expanded portion of 
the upper respiratory tract.! Its epithelium, like the 
epithelium of the nasopharynx, consists of ciliated 
cells, secretory (goblet) cells, nonciliated cells, and 
underlying basal cells resting on a thin basement 
membrane. 


Hiraide and Inouye? and Hiraide^ reported on the 
distribution of the ciliated and nonciliated cells lining 
the tubal epithelium of normal human eustachian 
tubes. When viewed by scanning electron microsco- 
py, the epithelial cells on the floor and inferior parts 
of the lumen appear to be mostly of the ciliated type, 
and the number of ciliated cells decreases gradually 
as onemoves toward the tubal roof. Bak-Pedersen and 
Tos? studied ET mucosa by the periodic acid—Schiff 
(PAS)-Alcian blue whole-mount method and noted 
that the density of goblet cells was lower in the tubal 
roof than in the floor. They also reported that in 
specimens from individuals with otitis media (OM) 
compared to those without OM there were more 
glands in the middle ear (ME) mucosa and the density 
of goblet cells was higher in the tubal mucosa, espe- 
cially in the tubal roof. 


All of these observations? indicate that the distri- 
butions of such epithelial components as ciliated 
cells, nonciliated cells, and goblet cells seem to vary 
depending on the area of the ET viewed and depend- 
ing on what changes have resulted from inflamma- 


tion in the ME. To our knowledge, however, no 
detailed report has been issued concerning the spatial 
distribution of submucosal glands around the ET and 
the relationship of this distribution to ME inflamma- 
tion. Furthermore, these structures seem never to 
have been investigated systematically through the 


. entire ET and its accessory structures as a whole. For 


these reasons, we undertook to study in detail the 
spatial distribution of secretory components (goblet 
cells and submucosal glands) surrounding the tubal 
lumen. We investigated this topic by examining 
serial histology sections of specimens that included 
the entire ET and its accessory structures and com- 
paring these structures in specimens from children 
with and without OM. 


MATERIALS AND METHODS 


Twelve human temporal bone specimens with the 
entire ET and its accessory structures were used. 
Seven of them were from children with OM, 2 to 7 
years of age (mean + SD, 3.0 + 2.2 years) at death; of 
those seven children, six had had chronic OM and one 
had had acute OM.’ The remaining five specimens 
were from children 1 to 6 years of age (average age 
3.8 x 1.9 years) who did not have OM at the time of 
death and were used as controls. All of these speci- 
mens were removed and processed histologically 
according to the technique described by Sando et al.8 


Serial 30-um-thick histology sections were cut 
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A B height of gland : X X100 * 


Fig 1. Outline drawings of cross section through midcarti- 
laginous portion of eustachian tube (ET) and its surround- 
ing structures. C — eustachian tube cartilage. A) Five 
areas (a, b, c, d, and e) of ET defined to analyze distribu- 
tion of epithelial goblet cells. B) “Height of gland" used to 
indicate distribution of submucosal glands (G). X — 
height of ET, Y — height of gland. 


vertically in the plane perpendicular to the long axis 
ofthe ET, from the pharyngeal orifice to the tympanic 
orifice. Every 20th section was stained with hema- 
toxylin and eosin. First, the stained sections contain- 
ing the promontory of the ME were studied to evalu- 
ate whether inflammation was present in the ME? 
Then a representative histology section was selected 
from each of six vertical portions of the ET, num- 
bered 1 to 6 from the pharyngeal orifice to the 
tympanic orifice: 1) pharyngeal orifice, 2) midportion 
between pharyngeal orifice and midcartilaginous 
portion, 3) midcartilaginous portion, 4) midportion 









between midcartilaginous portion and isthmus por- 
tion, 5) isthmus portion, and 6) midbony portion 
between isthmus portion and the most anterior mar- 
gin of the tympanic ring. The nearest sections to the 
six sections from each ET were stained with PAS- 
Alcian blue and hematoxylin and were examined 
under the light microscope. For this study we looked 
especially at the distributions of goblet cells in the 
tubal epithelial lining and of submucosal glands 
around the ET. 


To evaluate the distribution of goblet cells in the 
tubal epithelium, we calculated the density of these 
cells in each of five cross-sectional areas of the ET 
between the roof and the floor. The five areas from 
the roof to the floor of the ET (a to e) were defined as 
follows: a line representing the long axis of the tubal 
lumen in cross section was drawn between the most 
distant two points on the luminal margin, and this line 
was divided into five segments of equal length by 
drawing four lines perpendicular to the long axis of 
the tubal lumen (Fig 1A). Next, the density of goblet 
cells per 1 mm? for each of the five areas (a to e) was 
calculated from the total number of goblet cells in that 
area, the total length of the epithelial lining of that 
area (as measured with a Hitachi HDG-1111 digitizer 
tablet), and the thickness of the histology section (30 
um). 


To evaluate the distribution of submucosal glands 
around the tubal lumen, we calculated the percentage 
of the distance between the upper margin of the gland 


Fig 2. Photomicrographs of cross section, stained with periodic acid-Schiff- 
Alcian blue and hematoxylin through midcartilaginous portion (portion 2) of 
eustachian tube of 7-year-old girl with otitis media. L — tubal lumen. A) Low 
magnification. C — eustachian tube cartilage, G — submucosal glands, 
LVP — levator veli palatini muscle, TVP — tensor veli palatini muscle. B) 
High magnification. Arrowheads — goblet cells stained with periodic acid— 
Schiff-Alcian blue. 
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TABLE 1. EUSTACHIAN TUBE GOBLET CELL DENSITY PER SQUARE MILLIMETER 


Portion 


Área 1 2 3 4 5 6 Average 
a a YS 


Control group (average of 5 cases) 


a 302.0 441.3 256.0 375.3 266.7 256.7 316.3 
b 645.0 968.7 1,034.3 857.0 696.7 643.0 807.5 
c 936.3 1,123.3 1,190.3 1,297.7 868.0 913.7 1,054.9 
d 933.7 1,144.7 1,347.3 1,369.0 1,039.3 889.7 1,120.6 
812.7 1,397.7 1,174.3 1,440.3 906.7 878.0 1,101.6 
Average 725.9 1,015.1 1,000.4 1,067.9 755.5 716.2 
Otitis media group (average of 7 cases) 
a 504.7 464.3 5113 631.3 515.7 827.3 585.8 
b 767.3 1,023.3 1,005.3 1,279.3 1,242.3 1,361.3 1,113.1 
c 758.0 1,101.3 1,524.3 1,298.3 1,273.0 1,672.3 L2712 
d 842.7 1,343.3 1,351.0 1,462.0 1,564.7 2,068.0 1,438.6 
e 435:7 1,195.0 1,662.7 1,453.7 1,588.3 3,065.3 1,616.8 
Average dat: 1,025.4 1,222.9 1,224.9 1,236.8 1,798.8 


See text for definitions of areas and portions. 


————————————————————————Ó—— 


and the tubal floor that contained glandular tissue. 
Thus, the length of the long axis of the tubal lumen in 
cross section was labeled X, the length of the tube 
surrounded by glands was labeled Y, and the “height” 
of the glands around the tube was Y/X x 100% (Fig 
1B). We did not include glandular tissue located 
below the tubal lumen in this study because, whereas 
the upper margin of the gland in cross section is 
clearly defined, glandular tissue below the bottom of 
the tubal lumen usually extends to and merges with 


1 2 3 4 5 6 





Fig 3. Graphic representation of densities of goblet cells in 
epithelium of eustachian tube both in cross section (areas 
a through e) and vertically (portions 1 through 6) in A) 
normal children (controls) and B) children with otitis 
media. See text for definitions of areas and portions. 


glandular tissue of the nasopharynx, making precise 
determination of the extent of ET glandular tissue in 
this area difficult. 


RESULTS 


Photomicrographs of a representative histology 
section from a 7-year-old girl with OM are shown in 
Fig 2: Fig 2A shows a low-magnification view of 
portion 2, and Fig 2B shows area d of that portion at 
higher magnification. In this case, the density of 
goblet cells in portion 2 was 2,393.6/mm?, and the 
height of the glandular tissue was 100%. 


Goblet Cells. The densities of goblet cells (mean 
values) in all five cross-sectional areas (a to e) for 
each of the six vertical portions (1 to 6) for the control 
group and the OM group are shown in Table 1 and Fig 
3. Two characteristics of the distribution of the goblet 
cells in controls were noticeable. First, the density of 
these cells as seen in cross section was greater in the 
floor than in the roof of the ET. In particular, the 
density of goblet cells in area a was significantly 
lower than the average density of all the remaining 
areas (b, c, d, and e) in all six portions (paired 
Wilcoxon’s ranking test, p < .05 for each portion). 
Second, the density of goblet cells was greatest around 
the midcartilaginous portion in longitudinal aspect. 


In the OM group, in most of the areas (a to e) in 
portions 2 to 6, the density of goblet cells was higher 
than in controls (Table 1 and Fig 3). It was particu- 
larly remarkable in portions 5 and 6: there were 
significant differences in density between these two 
groups in areae in portion 5 (Wilcoxon’s ranking test, 
p<.01) and in areas a, d, ande in portion 6 (Wilcoxon's 
ranking test, p < .05). For all six portions of the ET, 
the average density of goblet cells was higher in area 
a in the OM group than in controls (Table 1). How- 
ever, even in those with OM the density of goblet 
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TABLE 2. EUSTACHIAN TUBE GLAND DISTRIBUTION 
EXPRESSED AS HEIGHT OF GLAND (PERCENT) 


Portion 


Control 


group 

(average of 

5 cases) 95.4 900 84.8 562 130 112 

Otitis media 

group 

(average of 

7 cases) 937 963 89.1 765 274 183 
See text for definitions of gland height and of portions. 


cells in area a was still significantly lower than the 
average density of all other areas (b, c, d and e) in 
portions 2 to 6 (paired Wilcoxon's ranking test: 
portion 2, p< .05; portion 3, p < .01; portion 4, p < .01; 
portion 5, p « .01; and portion 6, p « .01). 


Distribution of Glands. The height of the glands in 
the control and OM groups in the six lengthwise 
portions of the ET is shown in Table 2 and Fig 4. It 
was found that in controls, the height of the gland, 
which was greatest at the pharyngeal orifice, de- 
creased gradually toward the ME. There was remark- 
ably less lumen surrounded by glands in the bony 
portion of the ET in both control and OM specimens; 
there was more glandular tissue in all portions except 
the pharyngeal portion in specimens from the OM 
group than in controls, and the difference was par- 
ticularly significant for portion 2 (Wilcoxon, p « .05). 


DISCUSSION 


Other investigators studied goblet cells and glands 
of the human ET in mucosaremoved from the ET and 
examined by a whole-mount method?$ or in seg- 
mented temporal bone specimens embedded in paraf- 
fin and examined by a grid-mount method.!? Com- 
pared to these methods, the celloidin embedding 
method we use seems superior, because our method 
permits accurate anatomic orientation of the entire 
and intact ET with its mucosa and glands (Fig 2A). 
Furthermore, our method was found to permit stain- 
ing with PAS—Alcian blue, which is specific for se- 
cretory components; such staining facilitates iden- 
tification and evaluation of the ET tissues of interest. 


According to Bak-Pedersen and Tos,56 in normal 
adults the density of goblet cells is very high at the 
pharyngeal orifice (9,332.6/mm? on average) and 
decreases steadily but markedly toward the tympanic 
orifice, whereas in children (9 to 14 years old) and 
premature infants the density curves are rather flat; 
ie, younger individuals did not show the same differ- 
ences in densities as did normal adults. In the present 
study, we also failed to see a significant decrease in 
density of goblet cells from the pharyngeal orifice 





Fig 4. Graphic representation of distribution of submuco- 
sal glands as percentages of height of eustachian tube in 
six vertical portions (1 through 6) of eustachian tube in 
normal children (white circles with dotted line) and chil- 
dren with otitis media (black circles with solid line). N.S. 
— not significant. 


toward the tympanic orifice in controls (children 1 to 
7 years old), although we did see a change in density. 
The change was greatest in the midcartilaginous 
portion. The density of goblet cells at the pharyngeal 
orifice in normal children in our study (725.9/mm? on 
average) was between the densities for children 
(2,639.5/mm? on average) and premature infants 
(377.1/mm?) in the study by Tos and Bak-Pedersen.® 
From the results of that study and our own, we 
speculate that the density of goblet cells at the pha- 
ryngeal orifice increases with increasing age to form 
the pattern, seen in adults,56 of constant decrease 
from the pharyngeal portion to the tympanic portion 
of the ET. 


A remarkable finding of the present study was that 
the highest density of goblet cells in the ETs of 
normal children is around the midcartilaginous por- 
tion (Table 1). Because the midcartilaginous portion 
of the ET, in which the tensor veli palatini muscle 
inserts into the lateral lamina of the tubal cartilage,!! 
is considered to be the most dynamic portion of the 
ET, it seems reasonable that the density of goblet 
cells should be highest around this portion in normal 
children. A high density of goblet cells in this area 
would provide the surface of the tubal lumen with 
enough surfactant (surface tension-lowering sub- 
stance)? to compensate for the poorer ability of the 
ET to open actively through early childhood (from 1 
to 7 years of age) than in adulthood.!? 


In normal specimens in this study, in every portion 
ofthe ET from pharyngeal to tympanic, the density of 
goblet cells was significantly lower in the roof (area 
a) than in the floor (areas b, c, d, and e). Further, the 
submucosal glands did not reach the upper margin of 
the tubal lumen in normal specimens. From the 
present study of these two secretory components of 
the ET, then, the roof ofthe ET lumen seems to be less 
important in mucus production and secretion than the 
floor. 
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In comparison with controls in this study, speci- 
mens in the OM group had more goblet cells in the 
floor of the ET (areas b to e) in both the isthmus and 
midbony portions (portions 5 and 6, respectively). 
Considering that increased density of goblet cells is 
often seen with inflammation of the upperrespiratory 
tract mucosa,!4 these findings in the isthmus and 
midbony portions seem to indicate more severe in- 
flammatory conditions in these portions than in the 
cartilaginous portion. Such an analysis agrees well 
with the results of previous studies that showed that 
the bony portion of the ET tends to be easily involved 
secondarily by inflammation in the ME.15:16 In addi- 
tion, in these two portions the upper margin of the 
submucosal gland was markedly lower than in the 
cartilaginous portions, in both the OM group and the 
control group. The significantly greater density of 
goblet cells in these portions may result from com- 
pensation for the paucity of submucosal glands in this 
area: goblet cells may proliferate to serve the secre- 
tory function in ETs of individuals with OM because 
these individuals have inadequate numbers of sub- 
mucosal glands. 


In the OM group, remarkable increases in the 
goblet cells were seen in the roof area (area a) in all 





portions (1 to 6) of the ET (Table 1), but especially in 
the bony portion (portion 6; Fig 3B), although the 
density of cells in the roof of the ET was less than in 
the floor of the ET. The distribution of submucosal 
glands was also significantly richer near the pharyn- 
geal orifice (portion 2) in those with OM versus 
controls (Fig 4). These findings suggest that an im- 
portant function of the ET — serving as a passage for 
air — is preserved even in individuals with OM, 
although this function may be impaired by excessive 
secretion in this area. 


In conclusion, our finding that in normal children 
] to 7 years of age the lining of the roof of the ET 
lumen is less richly supplied by secretory compo- 
nents than is the lining of the ET in individuals with 
OM supports the hypothesis of Sando et al!” that the 
roof of the ET is important for the passage of air, and 
the floor for the passage of mucus. In individuals with 
OM, the function of this roof portion of the ET 
(ventilation of the ME) may be impaired to some 
extent by increased concentrations of secretory com- 
ponents, mainly goblet cells. These concentrations of 
secretory components aggravate tubal ventilatory 
dysfunction, particularly in the roof portion of the 
ET!6 in individuals with OM. 
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FASCIA AND PERICHONDRIUM ATROPHY IN TYMPANOPLASTY AND 
RECURRENT MIDDLE EAR ATELECTASIS 


RICHARD A. BUCKINGHAM, MD 
CHICAGO, ILLINOIS 


Fascia and perichondrium grafts to replace and reinforce thin, atrophic tympanic membranes (TMs) are recommended by several 
authors to correct middle ear atelectasis by forming a fibrous, collapse-resistant TM. This study reviewed the status of connective tissue 
grafts performed over the 10-year period from 1979 to 1988 to determine if these grafts would maintain sufficient strength and fibrous 
character to resist recurrent atelectasis. The author used fascia or perichondrium to repair 89 TM defects, and 63 ears were available for 
follow-up: 54 had cholesteatomas and 9 had perforations. Graft atrophy was judged by microscopic otoscopy and Kodachrome 
otophotography. Fascia TM grafts atrophied in 35 of 43 ears (8096), and perichondrium atrophied in 8 of 20 ears (4096). Grafts maintained 
their relatively thick and fibrous character in only 20 of 63 ears (32%). If fascia and perichondrium used to correct atelectasis were to 
atrophy at the same rate as the grafts in this series, atelectasis would recur after attempts to reinforce atrophic TMs. Atelectasis-prone 
middle ears require intubation despite surgery. 


KEY WORDS — atelectasis, atrophy, fascia, graft, middle ear, perichondrium, tympanic membrane. 


While following up on my own and other otologists' atrophy, I reviewed 89 consecutive fascia and peri- 
postoperative tympanoplasties, I have observed over chondrium grafts performed between 1979 and 1988 
several years a tendency of vein, fascia, and peri- for chronic otitis media with perforations and for 
chondrium grafts to atrophy, to become atelectatic, closed mastoidectomies for cholesteatomas. Twenty- 
and even to develop retraction-type cholesteatomas. six ears were lost to follow-up, leaving 63 for study. 


The status of the grafts was monitored by micro- 


Atelectasis is the result of chronic middle ear (ME) scopic otoscopy and endoscopic photography. 


underaeration, and if fascia or perichondrium grafts 


are to correct or prevent ME collapse and maintain an Most of the cholesteatomas in this series were 
air-filled ME, these grafts should maintain their fi- examples of far-advanced atelectasis with in-pocket- 
brous character and strength over the years to resist ing encystment into the ME or the lateral epitym- 
chronic ME underpressure. Middle ear underaeration panum. I make the assumption that the connective 
is a chronic condition that tends to persist and is not tissue grafts used to repair TM defects and chole- 
affected by ME surgery without intubation. steatomas of this type will react biologically in the 


same manner as when they are used for atelectasis 


Along with other authors, I have favored intuba- s 
without cholesteatoma. 


tion as a relatively simple, effective, and satisfactory 
treatment for moderate to severe degrees of ME 


atelectasis.!-3 There are, however, other authors who DATA ACCUMULATION 

have advocated, as a treatment for ME atelectasis, Records of surgery performed between 1979 and 
surgical replacement or reinforcement of thin, atro- 1988 were reviewed. Only ears that were seen post- 
phic, collapsed tympanic membranes (TMs) with operatively for at least 1 year were included. 


fascia or perichondrium.*8 
Most of the tympanoplasties, 54 of 63, were per- 


While many authors attribute ME atelectasis to formed for relatively small early cholesteatomas lim- 
defects in the eustachian tube, this appears to be an ited to the ME and epitympanum. The bony external 
oversimplification. Middle ear aeration is now thought canal wall was preserved in all cases so that all 
to be a complex process involving mucosal gas ex- operations were simple myringoplasties or canal wall 
change, eustachian tube opening and closing, body up tympanoplasties of types I and III. The average 
position, movement of the TM, and status of the age of all patients was 39 years (range, 7 to 74 years). 
blood gases during waking and sleeping hours.?.10 There were 29 male and 34 female patients. 

Ido not perform surgery for uncomplicated atelec- Temporalis fascia or tragal perichondrium was 
tasis, but prefer to treat this disorder by simple ME used in all cases and was positioned by the underlay 
intubation. To quantify the incidence of TM graft technique. Ossicular transpositioning was used when 
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indicated. 


The fascia press was not used, and fascia was 
probably thicker than it would have been had it been 
pressed. The fascia and perichondrium grafts were 
thinned sufficiently to allow correct positioning, and 
the grafts were not dried. All ears were examined 
repeatedly with the Zeiss OPMI-1 otomicroscope 
postoperatively, and photographic preoperative and 


Results of tympanoplasty. A,B) 
(Case 1) A) Atrophic, atelectat- 
ic graft has collapsed into pos- 
terior half of middle ear onto 
promontory, and epithelial de- 
bris has accumulated in stapes 
crura, signaling tendency to 
cholesteatoma reformation. B) 
Eight months following repeat 
middle ear intubation, atelecta- 
sis has been corrected. Atro- 
phic fascia graft has lateral- 
ized to level of stapes head and 
long process of incus. C,D) 
(Case 2) C) Intraoperative tube 
is extruded, and thin atrophic 
perichondrium has retracted 
into epitympanum in contact 
with transposed incus. D) 
Three months after intubation, 
atrophic graft has lateralized 
out of epitympanum while re- 
maining in contact with trans- 
posed incus. E,F) (Case 3) E) 
Preoperative view of perfor- 
ated TM following multiple 
intubations in childhood. There 
is stratified squamous epitheli- 
um on medial surface of ante- 
roinferior TM segment. Peri- 
chondrium graft was inserted 
to close perforation after all 
TM cholesteatoma was re- 
moved. F) Two years later, ate- 
lectasis has recurred. Perichon- 
drium graft has collapsed onto 
promontory and has partially 
enveloped malleus handle and 
long process of incus. This graft 
was judged as nonatrophic in 
this series, although partial at- 
rophy is visible between mal- 
leus and long process of incus. 


postoperative records were made with the Brubaker- 
Holinger endoscopic camera in all but a few ears. 


Atrophy was judged by the thin, translucent char- 
acter of the graft. Grafts that maintained their fibrous 
quality appeared as thickened, pinkish to whitish 
areas in the graft site (see Figure, F). 


I judged the microscopic appearance to be suffi- 
cient evidence of graft atrophy. In a few cases, the 
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RESULTS OF FOLLOW-UP 
Fascia Graft Perichondrium Graft 
Cholesteatoma COM Total Cholesteatoma COM Total 
No atrophy 6 2 8 4 12 
Atrophy 33 2 35 7 1 8 
Total 39 4 43 15 5 20 
Data are numbers of ears. 


COM —- chronic otitis media. 


atrophic nature of the graft was proven with the plain 
lens pneumatic otoscope and the otomicroscope. 
Pneumatic otoscopy is difficult and often impossible 
following tympanoplasty with canalplasty and 
endaural incisions. 


Mostoftheears with cholesteatomas were intubated 
at surgery, and ME ventilation was maintained 
throughout the period of postoperative follow-up for 
as long as possible. The presence or absence of the 
tube appeared to have no relation to the development 
of graft atrophy. Atrophy, beginning atelectasis, and 
evenbeginning cholesteatomareformation were noted 
in some ears in which the ME tube had been extruded 
spontaneously between follow-up visits, as some- 
times occurred as long as 2 to 4 years postoperatively 
(see Figure, À). 


RESULTS 
The results are summarized in the Table. 


Fascia Grafts. Forty-three ears were grafted with 
temporalis fascia, and 35, or 8096, showed atrophy of 
part or all of the graft. In 4 ears, the entire graft 
atrophied. In 9 ears, one half or less of the graft area 
was atrophic. Time was a factor in the development 
of atrophy, since 32 atrophic grafts were inserted 
before 1987. The average follow-up period for all 
fascia grafts was 2.7 years. 


Perichondrium Grafts. Twenty ears were grafted 
with perichondrium. All but one of the grafts were 
performed in 1987 and 1988. Twelve grafts did not 
atrophy, and eight ears showed some degree of atro- 
phy. One graft was judged to have atrophied over 
100% of the graft surface area, four atrophied over 
50%, and three over 25%. Four of five grafts for 
simple perforations did not atrophy. One perichon- 
drium: graft did not show atrophy after an 8-year 
follow-up. The average follow-up period for all peri- 
chondrium grafts was 2.9 years. 


CASE REPORTS 


Case I. A 40-year-old woman had a pars tensa 
posterosuperior margin retraction-type cholesteato- 
ma that extended toward the sinus tympani region 
and partially eroded the long process of the incus. No 


preoperative photos were taken. In 1983 the re- 
tracted, atelectatic cholesteatoma matrix was removed 
by enlarging the posterosuperior bony canal wall, and 
a fascia graft was underlaid to close the defect in the 
posterior half of the TM. A polyethylene tube was 
inserted into the intact anterior TM. 


Follow-up was poor, and when the patient returned 
in 1987, the ME tube had extruded and the postero- 
superior grafted area was thin, atrophic, and retracted 
deep into the posterosuperior quadrant and inferior 
epitympanum, where it “shrink-wrapped” the long 
process of the incus and the stapes. Epithelial debris 
had accumulated in the stapes crura, indicating the 
onset of recurring cholesteatoma (see Figure, A). 


Reintubation of the ME resulted in correction of 
the atrophic TM collapse (see Figure, B). 


Case 2. A 41-year-old man had a deep postero- 
superior pars tensa—type cholesteatoma confined to 
the ME. In 1987, the lesion was excised and grafted 
with perichondrium. The ME was intubated. The 
long process of the incus was eroded, and the incus 
was transposed over the stapes. At 6 months, the graft 
was well healed and the ME was aerated by an ME 
tube. 


Two years postoperatively the ME vent was ex- 
truded, the perichondrium graft was 50% atrophied, 
and a thin, atrophic area of the reconstructed TM was 
retracted into the ME and the epitympanum (see 
Figure, C). Reintubation relieved the atelectasis, and 
the atrophic graft returned to the plane of the normal 
TM (see Figure, D). 


Case 3. A 23-year-old woman had a history of 
recurrent secretory otitis media with multiple tube 
insertions throughout childhood. There was a large 
(80%) central perforation with stratified squamous 
epithelium lying on the medial surface of the TM 
remnants. The ossicles were intact (see Figure, E). A 
perichondrial myringoplasty was performed once the 
cholesteatomatous TM rests were removed. 


Postoperatively, the graft healed without atrophy. 
But 2 years later the entire TM had collapsed onto the 
promontory, partially enveloping the long process of 
the incus and the malleus handle (see Figure, F). As 
might be expected, this patient was reluctant to have 
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further intubations. 


DISCUSSION 


As the Table shows, 33 of 39 (85%) fascia TM 
grafts used in the treatment of ME cholesteatoma 
atrophied postoperatively — somein less than 2 years. 
Perichondrium, a tougher and more fibrous tissue, 
also atrophied, but to a lesser degree. Seven of the 15 
grafts for cholesteatoma demonstrated various de- 
grees of atrophy. These grafts have not been followed 
up for as long as the fascia grafts, and only follow-up 
over time will reveal their fate. Although these grafts 
seem to atrophy less frequently than fascia, case 2 
demonstrates that while perichondrium grafts do not 
atrophy completely, localized atrophic areas can col- 
lapse medially when ME ventilation is faulty. 


Case 3 demonstrates that the more fibrous peri- 
chondrium is not strong enough to prevent ME col- 


lapse when the ME is underventilated, despite the fact : 


that the graft in this ear did not atrophy. 


The cause of connective tissue graft atrophy is not 
apparent from this study. Plastic surgeons have long 
told us that skin grafts tend to scar, shrink, and 
atrophy, and it appears that the connective tissue TM 
prafts are no exception to this general rule. 


Atrophic grafts will not become atelectatic if ME 
ventilation is normal. In this series most of the cases 
of atelectasis were corrected by simple ME intuba- 
tion. We showed in 1969!! and in 1984! that atelec- 


tasis can frequently be corrected by simple artificial 
ME intubation. 


Practically all of the ears with cholesteatoma in 
this series were intubated at surgery. But because 
ventilation tubes extrude eventually, graft atrophy 
and atelectasis are a constant recurring threat to an 
otherwise good surgical result. | 


We should not forget that we are treating chronic 
otitis media and that poor ME ventilation is an under- 
lying cause of some cholesteatomas and the chronic 
perforations as well as atelectasis. This underaeration 
is not ameliorated or affected in any way by TM 
grafting. In this study long-term follow-up and 
otophotography detected and documented the atro- 
phic and atelectatic changes. 


CONCLUSIONS 


This study questions the effectiveness of the surgi- 
cal treatment to strengthen atrophic TMs in ME 
atelectasis, since 8046 of the fascia grafts and almost 
half of the perichondrium grafts used in this study for 
atelectatic cholesteatomas and chronic TM perfora- 
tions atrophied postoperatively. 


Lack of gasification, aeration, or ventilation re- 
mains the basic problem in ME atelectasis and in 
some types of cholesteatomas, and TM grafting and 
tympanoplasty will fail if the ME is not ventilated 
naturally or artificially. 
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CLEARANCE FUNCTION OF EUSTACHIAN TUBE AND NEGATIVE 


MIDDLE EAR PRESSURE 
HARUO TAKAHASHI, MD IWAO HONJO, MD 
KYOTO, JAPAN KYOTO, JAPAN 
MASAHIKO HAYASHI, MD AKIHIKO FUJITA, MD 
SHIGA, JAPAN KYOTO, JAPAN 


Two experimental studies were performed using 18 cats in order to elucidate the mechanism of the long-lasting course of otitis media 
with effusion. First, the middle ear (ME) pressure was monitored for 2.5 to 7 hours after filling the whole ME space with saline. On 
_ average, -150 mm H20 of negative ME pressure was induced in 3.1 hours. Second, the residual volume of saline with antibiotics, which 
was put into the ME space 2 to7 days before, was compared between the side on which tubal ventilatory function was abolished (resection 
of tensor veli palatini muscle and hamulus pterygoideus) and the opposite, control side. The percentage of the residual volume to the 
original volume put into the ME was significantly higher on the experimental side (Wilcoxon’s ranking test, t = 27.0, p < .05), and in 
one ear on the experimental side, the ME pressure showed ~150 mm H20 just before the bulla was opened 2 to 7 days later. These results 
seem to indicate that tubal ciliary clearance function can induce negative ME pressure when there is f luid in the ME, and that the negative 
ME pressure induced by clearance of the ME fluid may disturb further clearance of the ME fluid. This condition may cause the long- 


lasting course of otitis media with effusion. 


KEY WORDS —- clearance function, eustachian tube, middle ear pressure, otitis media with effusion. 


INTRODUCTION 


The negative middle ear (ME) pressure observed 
in most ears with otitis media with effusion (OME) 
has been explained mainly with the “hydrops ex 
vacuo” theory.! According to this theory, air in the 
closed ME space is absorbed, and then serous transu- 
date comes from the surrounding tissue because of 
the negative ME pressure that results when the eusta- 
chian tube (ET) is obstructed. However, there seem to 
be still several points that cannot be explained by this 
theory. First, clinical and experimental studies re- 
garding ME pressure in ears with tubal ventilatory 
dysfunction have failed to reveal a progressive de- 
crease in ME pressure.” Also, in spite of the fact that 
the entire ME space of chronic OME patients was 
proved to be filled with effusion, almost without any 
air space, by magnetic resonance imaging (MRI),* 
the ME still shows negative pressure in most OME 
patients." One of the alternative possibilities sug- 
gested is that the ciliary and muscular clearance func- 
tions of the ET induce negative ME pressure when 
they expel fluid from the closed ME space.9? 


On the other hand, regarding the cause of the usual 
prolonged course of OME, as well as several contribu- 
tions in the immunologic and bacteriologic fields 
such as detection of immune complex? and endotox- 
in? in the ME effusion, one interesting finding was 
that the ME effusion disappeared in a short time after 
myringotomy without suctioning of the effusion. 19.11 


Because a sudden release of negative ME pressure is 
considered to be the biggest change of the ME condi- 
tion in this case, the negative ME pressure also seems 
to be responsible for the prolonged retention of ME 
fluid. 


These findings lead us to ahypothesis that negative 
ME pressure may be caused by the clearance function 
of the ET, and that the induced negative ME pressure, 
which usually cannot be released transtubally by 
OME patients, !? should disturb further clearance of 
ME effusion. Thus, a deadlocked prolonged condi- 
tion arises within the ME. 


To test this hypothesis, two experimental studies 
were performed. One was to confirm whether nega- 
tive ME pressure is induced by the ET ciliary clear- 
ance function when the whole ME space is filled with 
fluid. The other was to examine if transtubal clear- 


 anceofthe ME fluid is disturbed by the negative ME - 


pressure induced by the clearance function per se 


when ET ventilatory dysfunction coexists. 


MATERIALS AND METHODS 


Study 1. Eleven adult cats (16 ears) with normal 
eardrums were used in this study. Under general 
anesthesia with ketamine hydrochloride (10 mg/kg, 
intramuscularly) and pentobarbital sodium (30 mg/ 
kg, intraperitoneally), and under controlled respira- 
tion with room air through a tracheotomy, a polyeth- 
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Fig 1. Scheme of experimental method in study 1. E.T. — 
eustachian tube, M.E. — middle ear. 


ylene tube was hermetically connected to the tym- 
panic bulla through the cervical approach. All the air 
space within the ME cavity and the connected tube 
was filled with physiologic saline, and the other side 
of the tube was connected to a pressure sensor (Mikro- 
tip, Miller PC-330, 3F) placed at the same horizontal 
level as the bulla so that the monitoring pressure 
precisely reflected the ME pressure (Fig 1). The ME 
pressures were monitored for 2.5 to 7 hours. In 3 ears, 
the mucosa of the ET was destroyed by applying 0.02. 
mL of 20% silver nitrate to the ET, and in another 2 
ears, the tympanic orifice of the ET was obstructed 
with dental cement. 


Study 2. Seven adult cats (14 ears) with normal 
eardrums were used in this study. Under general 
anesthesia with ketamine hydrochloride (10 to 15 
mg/kg, intramuscularly) and pentobarbital sodium 
(10 to 15 mg/kg, intraperitoneally), the tensor veli 
palatini muscle was transorally transected and com- 
pletely separated, and the hamulus pterygoideus was 
also extirpated on one side. The bilateral tympanic 
bullae, exposed through the cervical approach, were 
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Fig 2. Chronologic change of middle ear pressure in study 1. 
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Fig 3. Maximal negative middle ear pressure in study 1. 


filled with physiologic saline with antibiotics through 
a small hole made in each bulla. The holes were 
closed with bone wax, and all the wounds were 
sutured aseptically. Hydrocortisone (50 mg, intra- 
peritoneally) was administered just after these opera- 
tive procedures so that the ciliary function of the ME 
and ET would not be affected by the inflammation of 
these wounds. The tympanic bullae were opened 2 to 
7 days later, and the amounts of the residual saline 
on each side compared. In 1 ear with abolished ET 
ventilatory function, the ME pressure was measured 
transtubally with a microtip catheter pressure sensor 
(Mikro-tip) 2 days after the instillation of saline. 


RESULTS 


Study 1. Chronologic changes in ME pressures in 
the 11 ears with intact ETs are shown in Fig 2. In 1 to 
6 hours, maximal negative pressures of —25 to —265 
mm H20 were induced. The ear with the quickest re- 
sponse showed -180 mm H20 of negative ME pres- 
sure at 1 hour, and negative ME pressures lower than 
~200 mm H20 were seen in 4 ears at 2 to 3.5 hours. 
Maximal negative ME pressure was found to be 
~150.7 x 80.0 mm H20 at 3.1 hours on average (Fig 
3). These negative ME pressures then tended to 
diminish within a few hours, restabilizing at approxi- 
mately -150 mm H20. When the closed space was 
opened after the experiment, the pressure returned to 
approximately 15 mm H20 in all the ears examined. 
In the 3 ears in which the ETs were destroyed with 
silver nitrate and the 2 ears in which the ETs were 
obstructed with dental cement, the maximal negative 
ME pressures induced were —25 mm H20 (mean, 
~14.0 mm H20) and -16 mm H20 (mean, -13.0 mm 
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Fig 4. Chronologic change of middle ear pressure in 
control ears in study 1. 


H20), respectively (Fig 4). 


Study 2. The amounts of residual saline in the ME 
at 2 to 7 days are shown in the Table. One ear on the 
control side (No. 6) was excluded from the study be- 
cause of occurrence of otitis media during the experi- 
mental period. The residual volumes of the fluid in 
the ME were more than 50% of the originally instilled 
volume in five of the seven ears on the operated side, 
whereas on the control side, no fluid was observed in 
four of the six ears, and the residual volumes were 
less than 20.096 and 22.296 in the remaining two ears. 
The difference in the residual volume percentages 
between the two groups was significant (Wilcoxon's 
ranking test, t = 27.0, p < .05), indicating that ears 
with ventilatory dysfunction of the ET showed a sig- 
nificant delay in excretion of ME fluid. 


The ME pressure measured in one ear on the 
operated side (No. 7) before opening the tympanic 
bulla was found to be -150 mm H20 (Fig 5), despite 
the opposite ear’s showing a type A tympanogram at 
the same time. 


DISCUSSION 


In study 1, because comparatively deep anesthesia 
prevented the animals from swallowing during the 
whole period of the experiment, the ME pressures in- 
duced did not appear to be affected by transtubal ven- 
tilation or the muscular pumping function of the ET.’ 
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Fig 5. Middle ear pressure on experimental side of animal 
7. It was -150 mm H20 and returned to approximately 0 
mm H20 with myringotomy. 


Furthermore, in the control animals, in which the ET 
was obstructed or its ciliary epithelium destroyed, no 
consistent negative ME pressure was induced. The 
negative ME pressures observed in this experiment, 
therefore, were considered to be induced by ciliary 
propulsion of fluid from the closed ME space. Mur- 
phy$ reported that --166 mm H20 (average) of maxi- 
mal negative ME pressure was induced by the ciliary 
function of the ET in 53 minutes on average when 
mucus was introduced in the ME in cats. The value of 
the maximal negative ME pressure he obtained is 
quite close to ours, but the time until the negative ME 
pressure became maximal was shorter than ours. This 
discrepancy in time may be due to a difference in the 
experimental method: in his experiment, there would 
have been some air space left in the ME, which may 
have allowed another factor to affect the ME pres- 
sure, such as ME gas exchange. On the other hand, the 
similarity of the pressures in his and our experiments 
may indicate that the negative ME pressure induced 
by the tubal ciliary function is rather consistent, re- 
gardless of the volume of fluid within the ME cavity. 


In study 2, we produced experimentally a condi- 
tion of the ET similar to that of OME patients, in 
which the ventilatory function was almost totally 
abolished without much damage to the ciliary clear- 
ance function.1? As a result, a significant delay in the 
clearance of ME fluid was observed on the experimen- 
tal side. At the same time, in one ear on the experimen- 
tal side, the ME showed a negative pressure (-150 


CHANGE OF VOLUME OF SALINE IN MIDDLE EAR IN STUDY 2 


Case No. Period (d)* Operated Side 
1 7 0.6 — 0.5mL 
2 7 0.55 — 0.0mL 
3 7 L0 — OlmL 
4 2 0.6 — 03mL 
5 2 0.55 — 0.3 mL 
6 2 0.8 — O4mL 
7 2 10 -» O5mL 


Control Side 

(83.3) 06 — 00mL (0.0) 

(0.0) 10 — 0.0mL (0.0) 
(10.0) 0.75 — 0.0mL (0.0) 
(50.0) 0.5 — «O1mL (<20.0) 
(54.5) 045 — <O. mL (<22.2) 
(50.0) 
(50.0) 10 -» OOmL (0.0) 


Number in parentheses indicates percentage of volume of originally instilled fluid that remains. 
*Experimental period from instillation of saline into middle ear to measurement of residual saline. 
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mm H20) that was quite close to the maximal nega- 
tive ME pressure induced by the tubal clearance 
function in study 1. Itis therefore conceivable that the 
ciliary clearance function was disturbed by the nega- 
tive ME pressure induced by the transtubal clearance 
of the ME fluid when the ME pressure had reached 
around -150 mm H2O, and that the inability of the ET 
to release that negative ME pressure may have made 
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this deadlocked condition irreversible. 

From the results of these two studies, it was con- 
cluded that when both ME fluid and tubal ventilatory 
dysfunction exist, irreversible negative ME pressure 
can beinduced by theciliary clearance function of the 
ET, which could cause a long-lasting condition in 
which fluid and negative ME pressure coexist in the 
ME. 
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CHONDROBLASTOMA OF THE TEMPORAL BONE 
CASE REPORT AND LITERATURE REVIEW 
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Chondroblastoma is a rare tumor of bone that represents approximately 1% of all primary bone tumors. In the temporal bone, only 
33 have been reported. We present a case of chondroblastoma of the temporal bone, followed by a literature review and analysis of 
reported cases. We conclude that the best chance for a prolonged disease-free interval is total excision using a combined otolaryngologic 


and neurosurgical approach. 


KEY WORDS — chondroblastoma, connective tissue neoplasms, temporal bone. 


INTRODUCTION 


Benign chondroblastoma is a rare tumor of bone 
that represents approximately 1% of all primary bone 
tumors. These tumors are most commonly found 
arising in the epiphysis of along bone, with the femur, 
humerus, and tibia being the most commonly af- 
fected.! 


Primary bone tumors of the cranial bones are 
considered rare, comprising 2% of all primary bone 
tumors.? A chondroblastoma of the temporal bone is 
an even rarer entity, with only 32 cases having been 
reported previously.1-1? 


We now present a case of chondroblastoma of the 
temporal bone that was referred for definitive treat- 
ment. Included is acomprehensive review of all cases 
reported to date, including symptoms, physical ex- 
amination findings, radiographic data, treatment 
modalities, and outcome. 


CASE REPORT 


A 33-year-old man presented with a 1-year history 
of right-sided otalgia. Subsequently, he developed 
decreased hearing on the right with progressive dys- 
equilibrium and headache. A slowly enlarging mass 
was noted in his right temporal area. 


Initial evaluation at an outside institution revealed 
a mass in his right external auditory canal. A biopsy 
yielded diagnosis of granulation tissue. He was treated 
with enteral antibiotics, but noted no improvement in 
his symptoms. He then underwent treatment for pre- 
sumed temporomandibular joint dysfunction with 


oral analgesics. Eventually, a computed tomography 
(CT) scan was done that showed a large lesion of the 
right petrous bone with extension into the middle 
cranial and infratemporal fossae (Fig 1). The lesion in 
the right external auditory canal was again submitted 
to biopsy, this time with a diagnosis of chondroblas- 
toma. He was then referred to the senior author 
(W.W.M.) 


At presentation, the patient complained of severe 
right-sided otalgia. Physical examination revealed a 
tender swelling over the right temporal and preauric- 
ular area. The right external auditory canal was oc- 
cluded by a tumor. The patient’s Weber examination 
lateralized to the left. The remainder of the findings 
on neurotologic examination, including cranial nerves, 
were unremarkable. Examination of the oral cavity 
showed painful trismus. The remainder of his head 
and neck examination was without evidence of any 
other masses. An audiogram was obtained that was 
essentially normal. 


A magnetic resonance imaging (MRI) scan was 
performed and showed a large extradural lesion of the 
right petrous bone, with extension into the middle and 
infratemporal fossae. A preoperative cerebral arterio- 
gram was consistent with an avascular mass without 
carotid compression or displacement. 


Upon consideration of the tumor location, a com- 
bined one-stage procedure with neurosurgery was 
planned. In the operating room the patient was pre- 
pared for an intracranial-extradural, transcervical- 
transmastoid surgical approach with an extended 
parotidectomy incision that extended superiorly well 


From the Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, Harvard Medical School, Boston, Massachusetts. 
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Fig 1. Contrast-enhanced computed tomograms of right temporal bone showing extent of bone destruction and encroach- 
ment of lesion on middle cranial fossa. A) Axial. B) Coronal. 


into the temporal fossa and inferiorly into the neck 
along the anterior border of the sternocleidomastoid 
muscle (Fig 2A). As an initial maneuver, the common 
carotid artery and internal jugular vein were isolated 
so as to obtain proximal vascular control. An anterior 
skin flap was elevated over the parotid and the exter- 
nal auditory canal was transected and oversewn. The 
facial nerve was isolated at the stylomastoid foramen. 
A superficial parotidectomy was performed and the 
entire extratemporal facial nerve was identified and 
preserved. The lateral extent of the tumor was iden- 
tified deep to the facial nerve. The mastoid cortex was 
exposed and a wide field mastoidectomy was per- 
formed. This exposure allowed the intratemporal 
portion of the tumor to be identified. The facial nerve 
was dissected as far as the geniculate ganglion. A 
middle fossa craniotomy was required to visualize 
the intracranial tumor. The medial resection margins 
and the labyrinthine portion of the facial nerve were 
fully visualized. During the extradural dissection, it 
was noted that the tumor was adherent to the dura but 
was able to be dissected free. As a final step in the 
resection, the zygomatic arch was transected. The 
condyle of the mandible and the infratemporal fossa 
contents were freed and the tumor was able to be 
delivered essentially en bloc. After hemostasis was 
obtained, a6 x 6-cm tissue defect remained. This area 
included open air cells of the temporal bone, the 
internal auditory canal and associated nerves, and the 
trigeminal nerve (Fig 2B). A large fat graft harvested 
from the abdomen was used to obliterate the defect 
(Fig 2C). The wound was then closed in layers and 
drained. At the conclusion of the operation and just 
prior to wound closure, stimulation of the seventh 
cranial nerve at the internal auditory canal showed it 


to be intact. 


Postoperatively, the patient recovered well. There 
was no evidence of cerebrospinal fluid leak, and the 
preoperative pain was relieved. The patient devel- 
oped a temporary facial paresis that improved. An 
MRI scan with gadolinium and CT performed 2 years 
postoperatively revealed no evidence of recurrent or 
residual disease (Fig 3). 


Pathology examinations of the resected tissue 
showed a chondroblastoma tumor involving the tem- 
poromandibular joint, petrous temporal bone, and 
bony ear canal with nodular extensions into soft 
tissues. Histologically, the cellular features were 
characteristic of chondroblastoma neoplasms (Fig 
4). 


LITERATURE REVIEW 


Thirty-two cases of chondroblastoma of the bony 
ear canal with extensions into temporal bone have 
been reported, and 29 had detailed data.1-10.12.13 The 
29 patients with detailed data and our patient are 
represented in the discussions. 


Age and Sex Distribution. The ages of patients 
reported ranged from 2.9 years to 70 years of age. If 
the patient that was 2.9 years of age is excluded, the 
median age within the group was 43.8 years. 


The sex incidence was 21 males and 9 females for 
a male to female ratio of 2.3:1. The age range for the 
males was 16 to 66 years, and for the females it was 
2.9 to 70 years. 


Presenting Symptoms. Twenty-six patients had a 
detailed description of presenting symptoms. The 
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Fig 2. Surgical procedure. A) Outline of incision. B) Surgical 
defect. 1 — sigmoid sinus, 2 — parotid gland, 3 — middle fossa 
dura. C) Obliterated surgical defect with adipose graft. 
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Fig 3. Axial computed tomogram showing obliterated 
surgical defect and no evidence of recurrent disease. 


most frequent presenting symptoms are listed in 
Table 1. Symptoms that were most prominent were 
hearing loss, otalgia, tinnitus, and a mass sensation in 
the ear. 


Most patients averaged two of the listed presentin g 
symptoms, with a range of one to five. The average 
duration of symptoms prior to seeking medical atten- 
tion was 12.5 months, although one patient report- 
edly had symptoms for 30 years; the range was from 
2 months to 30 years. 
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TABLE 1. PRESENTING SYMPTOMS 


Symptoms No. of Pts 

Hearing loss 13 
Otalgia 8 
Tinnitus 6 
Mass 5 
Vertigo or dysequilibrium 5 
Aural fullness or blocked ear 4 
Headache 4 
Seizures 2 
Pain l 
Temporomandibular joint 

arthralgia or dysfunction l 
Coma l 
Facial numbness l 


Physical Findings. Fourteen of the 29 patients had 
documented physical findings. The physical find- 
ings, in order of decreasing frequency, and the num- 
ber of patients with each finding are listed in Table 2. 
The predominantalteration was a mass in the external 
auditory canal. 


Radiographic Data. Radiographic examinations 
reflected equipment available at the time of presenta- 
tion. These include plain films, tomograms, CT, and 
MRI. Eight patients had plain films performed. The 
temporal bone lesions were described as osteolytic 
(two patients), destructive (two), cystic (two), ero- 
sive (one), and multichambered with marginal scle- 
rosis (one). Five patients had tomograms, with the 
lesions described as normal (one), destructive (three), 
and erosive (one). Eight patients had CT performed. 
The lesions were described as soft tissue with spotty 
central calcifications (one), normal (one), soft tissue 







Fig 4. Photomicrograph of resected tis- 
sue. 
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TABLE 2. EXAMINATION FINDINGS 
Patients (N = 14) 


Findings No. % 
Mass in external auditory canal 10 71 
Nontender temporal mass 3 21 
Tender temporal mass 2 14 
Papilledema 2 14 
Altered mental status 2 14 
Tenderness l 3 
Trismus l 7 
Nystagmus l 7 


mass with intracranial shift (two), lytic lesion (one), 
sharply demarcated solitary sclerotic lesion (one), 
destructive (one), and expansile (two). Two patients 
had MRI performed. Both of these lesions were 
reported as an expansile mass within the temporal 
bone. 


Five patients had preoperative arteriograms. One 
showed a tumor blush, and the rest showed no evi- 
dence of a vascular mass. 


Treatment. The treatment modalities in the previ- 
ously reported cases were total en bloc excision, 
curettage, irradiation, and irradiation combined with 
surgical excision. The most effective modality ap- 
pears to be total excision with or without irradiation. 
The number of patients in each group, as well as the 
length of follow-up and the presence or absence of 
recurrence, is listed in Table 3. 


Complications of Treatment. Five patients had 
complications, and they are listed in Table 4, along 
with the initial type of treatment used. Hearing loss 
was the predominant complication. There have been 
reports of postirradiation sarcoma for treatments of 
other tumors and chondroblastomas in other sites, but 
this has not occurred in temporal bone chondroblas- 
toma treatments.!4-!© Metastatic chondroblastoma 
from the temporal bone has not been reported.15.16 


TABLE 4. COMPLICATIONS IN FIVE PATIENTS 
Complication Type of Treatment Used 


Total excision 
Total excision 


Conductive hearing loss 


Temporary cerebrospinal 
fluid leak, deafness, 
facial paralysis 

Temporary facial paralysis 

Radionecrosis of auricular 
cartilage requiring 
amputation 

Hearing loss 


Total excision 
Radiotherapy (64 Gy) 


Total excision and 
radiotherapy (60 Gy) 


DISCUSSION 


Chondroblastoma, a rare tumor, represents less 
than 196 of primary bone tumors!! and occurs pre- 
dominantly in the epiphyseal area of long bones. 
They are more common in the second decade, with a 
male to female ratio of approximately 2:1. 


Thetemporal bone chondroblastoma presents at an 
older age than other sites, with an average of 43.8 
years. The male to female ratio is 2:1. 


The pathogenesis of chondroblastoma is uncer- 
tain. In long bones, it has been suggested that the 
chondroblastoma originates from the cells of the 
endochondral plate. Another theory proposes origin 
from reticulohistiocytes or related cells. Electron 
microscopic studies have concluded development 
from “normal cartilage cells to an altered local envi- 
ronment rather than an intrinsic alteration of cartilage 
cells per se."11(p35 Other electron microscopic stud- 
ies have concluded origin from cartilage-forming 
matrix cells.!! 


The endochondral origin for portions of the tempo- 
ral bone and the potential for rests of cartilaginous 
cells may allow this lesion to develop, with the 
appropriate initiating event. Similar theories have 
been proposed for the development of chondrosar- 
coma, which may arise de novo in the temporal 


TABLE 3. TREATMENT GROUPS 


Treatment 


Total en bloc excision 
Curettage or incomplete excision 


Radiotherapy (64 Gy) 
Curettage and postoperative radiotherapy (20 Gy) 


Total excision with preoperative (1 pt) or postoperative (2 pts) 
radiotherapy (60 Gy) 
NED — with no evidence of disease. 
*One patient had curettage 1 month before total excision. 


No. of Pts 
No. of With Length of No. of Pts 
Pts Follow-up Follow-up NED 
7 0-63 mo Um 
(average, 27 mo) 
10 0-9 y 9/10t 
(average, 3.4 y) 
l 8.5 y 1/1 
4.5 y 1/1 
3 0-9 y 3/38 


(average, 7.5 y) 


+Four patients required two procedures because of recurrent or residual disease. 
$One patient had incomplete removal 11 months before complete excision. 
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bone.!? 


Temporal bone chondroblastoma malignancy has 
not been reported,15.16 secondary to irradiation or in 
the form of metastasis.14-16 The number of chondro- 
blastoma patients receiving irradiation is small, and 
the potential for malignant transformation may not be 
adequately formulated. 


The primary presenting symptoms were predomi- 
nantly otologic, with hearing loss being the most 
common. This was followed in decreasing frequency 
by otalgia, tinnitus, mass lesions, dysequilibrium, 
aural fullness, and headache, as well as other, less 
common complaints. These symptoms are all consis- 
tent with a slowly enlarging lesion of the temporal 
bone. The benign nature of this lesion is supported by 
the delay in presentation of the patients. Most patients 
had symptoms that had developed 1 year prior to 
seeking medical attention. 


The most common finding on physical examina- 
tion was a mass, either in the external auditory canal 
orinthetemporal area. A small percentage of patients 
presented with increased intracranial pressure as a 
result of their tumor, manifested as papilledema, 
altered mental status, or coma. 


Theradiographic modalities used to evaluate these 
lesions were based primarily on the techniques avail- 
able at the time of presentation. Earlier studies used 
primarily plain films and tomograms, whereas the 
later series used both CT and MRI. It is our opinion 
that CT allows clear delineation of the extent of bony 
destruction and MRI shows the tumor-dura interface 
and aids in determining if the tumor has remained 
extradural. Cerebral arteriography may be required 
for assessment of invasion or displacement of the 
internal carotid artery, or of tumor vascularity, and 
facilitates balloon test occlusion of the ipsilateral 
internal carotid artery should there be concern over 
possible sacrifice of this vessel. 


The reviewed cases of chondroblastoma of the 
temporal bone show that any of the modalities used 
thus far in the treatment may result in a prolonged 
disease-free interval. The data indicate that initial 
curettage of the lesion results in recurrences requir- 
ing secondary procedures before attaining a disease- 
free interval. Patients who underwent an en bloc 


resection or total excision of tumor had no evidence 
of recurrence at an average follow-up of 27 months. 
Irradiation used alone orincombination with curettage 
or total excision was equally effective in the small 
number of patients treated with it. 


Itis evident that en bloc removal of tumor with the 
possibility of multiple cranial nerve deficits is not 
essential to obtaining a prolonged disease-free inter- 
val. Total excision of all gross tumor with careful 
preservation of.the important neurovascular struc- 
tures at the skull base should be adequate treatment 
for this benign lesion. This is attainable with the 
present surgical skills and approaches to skull base 
surgery. Radiotherapy is not recommended for this 
lesion. 


Our approach with this patient and to similar 
lesions of the temporal bone is as follows. After a 
complete history is taken, physical and neurotologic 
examinations are performed with radiographic and 
angiographic evaluations. Surgery is a combined 
procedure with neurosurgery. A transmastoid-trans- 
cervical approach by the otolaryngology team allows 
early control of the major vascular structures at the 
skull base, and the isolation of the tumor at the skull 
base with its intratemporal component. The neuro- 
surgery team performs a temporal craniotomy using 
an extradural approach to obtain superior and medial 
margins and visualization of tumor and the critical 
structures in the middle fossa, This combined ap- 
proach allows for relatively safe removal of all gross 
tumor while preserving the major neurovascular 
structures of the skull base. Adipose obliteration of 
the operative cavity with watertight closure helps to 
prevent postoperative cerebrospinal fluid leak. If the 
tumor cannot be removed from the dura with the dura 
remaining intact, this portion of dura may be resected 
and reconstructed with fascia lata or irradiated homo- 
graft dura? 


SUMMARY 


A case of chondroblastoma of the temporal bone is 
presented with a literature review of similar cases. 
The appropriate treatment appears to be a combined 
otolaryngologic-neurosurgical excision after proper 
clinical and radiographic evaluations to allow the 
total excision of the tumor with minimal morbidity. 
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ORGAN-LIMITED LARYNGEAL AMYLOID DEPOSITS: 
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Five cases of organ-limited laryngeal amyloid deposits with no evidence of systemic disease are reported in detail and classified 
immunohistochemically. In four of the five cases the amyloid reacted with anti-AA antibodies and in one case with anti-Ax antibodies. 
Four of our five female patients had already passed the fifth decade of life. One was 11 years old. Hoarseness was the predominant 
symptom in four cases, in which we found amyloid deposits in the glottic area. Only one patient, with amyloid deposits in the aryepiglottic 
fold, complained of pain. The therapy of choice of idiopathic, localized, or organ-limited amyloid deposits without underlying disease 
may be local excision. In one of the cases reported in this paper, a laryngofissure was performed, and in another a partial laser resection 
was performed. No therapy was performed in three of our five cases. In the larynx, as in many other locations and only if possible, removal 
at intervals is more feasible than radical resection, because these amyloid tumors grow slowly. 
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Subepithelial extracellular deposits of amyloid in 
the larynx are not uncommon. It is ‘estimated that 
fewer than 1% of the benign tumors in the larynx are 
amyloid tumors. Numerous cases of organ-limited 
laryngeal amyloid deposits have been reported so 
far.'- 


Different types of amyloidosis have been distin- 
guished, varying in chemical structure and clinical 
aspects: 


1. Amyloid of immunoglobulin light chain origin (k 
or À) in idiopathic or myeloma-associated amy- 
loidosis. 

Amyloid À in reactive amyloidosis. 

Familial amyloid of the transthyretin type, with 
point mutations. 

Senile amyloid of the transthyretin type. 
Hemodialysis-associated amyloid. 
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Several other types have been distinguished, as well. 
The application of immunochemical techniques has 
made classification on formalin-fixed tissue sections 
possible.21-23 


We report on five cases of laryngeal amyloid 


deposits demonstrating similarities in clinical, histo- : 


pathologic, and immunohistochemical features. For 


the otolaryngologist, it is important to recognize this 
disease by clinical symptoms and signs!? and to 
thereby distinguish it from other tumors. 


METHODS 


Biopsies from the larynx were fixed in 10% para- 
formaldéhyde. Specimens were embedded in paraf- 
fin. Three-micrometer sections were cut and stained 
with hematoxylin and eosin and Congo red according 
to Puchtler et al.44 The sections were examined im- 
munohistochemically as described elsewhere,22.23:25 
with application of primary antibodies against the 
known amyloid types listed above.25 Characteriza- 
tion of the isotype of immune cells was attempted in 
case 1 with antibodies against immunoglobulin light 
chains (A and x). The binding of the antibodies to the 
amyloid deposits was recognized and visualized by 
the peroxidase-antiperoxidase technique using 3- 
amino-ethy] carbazol as a chromogene.25 


CASE REPORTS 


Case 1. This 49-year-old woman complained of a 
sore throat and continuous coughing. She was admit- 
ted to the department of otorhinolaryngology at the 
University of Kiel in 1987. The family and patient 


From the Departments of Otorhinolaryngology (Godbersen, Rudert) and Pathology (Leh, Hansmann), University of Kiel, Kiel, and the Max Planck 
Institute of Biochemistry, Martinsried (Linke), Germany. This study was supported by the Deutsche Forschungsgemeinschaft, Sonderforschungsbereich 


207, grant G8, Munich, and DFG Li 247/7-2, Li 247/9-1. 


REPRINTS — Godber Sönke Godbersen, MD, Oberarzt, HNO-Klinik der Universität Kiel, Arnold Heller Strasse 14, 2300 Kiel, Germany. 


Godbersen et al, Laryngeal Amyloid Deposits 771 





Fig 1. (Case 1) Organ-limited amyloid deposits of larynx 
visualized by direct laryngoscopy. Shows subepithelial 
swelling, mainly in right false vocal fold (fvf; arrows). 
T — resuscitation tube, vf — vocal fold. 


history were noncontributory. She had had an appen- 
dectomy in 1958 and an abrasion of the uterus in 
1977. 


Laryngoscopic examination revealed a round, tu- 
morlike subepithelial swelling at the anterior third of 
the right false vocal fold (Fig 1). Histopathologic 
examination revealed amyloid deposits. A biopsy, 
which was also performed on the right vocal fold and 
on the left false vocal fold, was negative for amyloid 
deposits. No other disease was found and no further 
therapy was performed. The patient was noncompliant 
with a request for follow-up. 


Under the squamous epithelial layer, histology 
revealed a bandlike cellular infiltrate composed pre- 


o a 





Fig 2. (Case 1) Histologic micrograph of 
biopsy specimen from larynx with amy- 
loid (A; H & E, original x50). E — epi- 
thelial layer. 
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dominantly of plasma cells, lymphocytes, and mac- 
rophages. Some giant cells were detected as well. 
These giant cells were arranged focally around amor- 
phous and sometimes globular material that was 
relatively homogeneous on hematoxylin and eosin 
staining (Fig 2). Some globules exhibited a radiating 
fibrillar structure. 


Case 2. This 62-year-old woman was admitted to 
the department of otorhinolaryngology at the Univer- 
sity of Kiel in 1987 complaining of a sharp pain in the 
tongue and throat. Her family history was unremark- 
able. She had had typhus and adnexitis 20 years 
before. À strumectomy was performed in 1971. Laryn- 
goscopy revealed a swelling similar to a retention 
cystontherightaryepiglottic fold and glossoepiglottic 
vallecula. Direct laryngoscopy and subsequent histo- 
pathologic examination of the biopsy specimen re- 
vealed the presence of amyloid deposits. No other 
disease could be found and no further therapy was 
performed. The patient was noncompliant with a 
request for follow-up. 


Histologic examination showed a squamous epi- 
thelium at the surface. Only a few lymphoid cells 
were present below the basal epithelial layer. Distinct 
areas of homogeneous amyloid were identified with 
some capillaries and seromucous glands in between. 


Case 3. This 11-year-old girl complained of gradu- 
ally increasing hoarseness and was admitted to the 
department of otorhinolaryngology at the University 
of Kielin 1970. The family history was unremarkable. 
Except for measles and rubella, the patient had never 
been ill before. Laryngoscopy revealed a discrete, 
reddish, polyplike swelling of the right false vocal 
fold. Direct laryngoscopy and histopathologic ex- 
amination of the biopsy revealed the presence of 
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amyloid deposits. No other disease could be found. 


One year later, an incomplete local excision was 
performed, and 5 years later a laryngofissure, which 
had to be repeated 1 year later. No recurrence was 
seen on further follow-up. 


A circumscribed amyloid deposit containing few 
lymphoid cells was found on histologic analysis of 
the fibrous tissue (Fig 3). 


Case 4. This 57-year-old woman was admitted to 
the department of otorhinolaryngology at the Univer- 
sity of Kiel in 1982. She complained of hoarseness 
that had been gradually increasing for 2 years. Her 
mother and one of her daughters had an unspecified 
kidney disease. That she had one nonfunctional kid- 
ney had been known for several years, but a diagnosis 
had never been made. The patient had a cholecystec- 
tomy in 1956. She also had osteoporosis of the dorsal 
spine and pain in the wrists. A whole body computed 
tomography scan revealed two dense masses in the 
liver resembling hemangiomas. There was no histo- 
logic evidence of amyloidosis in a biopsy of the 
rectum. 


Laryngoscopy revealed a round, pink swelling of 
the mucosa in the anterior third of the left ventricle of 
Morgagni. Direct laryngoscopy and histopathologic 
examination of biopsy specimens from the left false 
vocal fold and the right and left ventricle of Morgagni 
revealed the presence of amyloid deposits. No therapy 
was performed. A checkup in 1986 revealed a slight 
swelling of the right false vocal fold. The patient 
complained of resistant cough and hoarseness. 


Biopsies from the left false vocal fold and the right 
and left ventricles of Morgagni revealed clusters of 
homogeneous and clumplike amyloid deposits under 
the epithelial layer. Small clusters of lymphoid cells 





Fig 3. (Case 3) Amyloid deposits (A) sur- 
rounded by small lymphocytes, lympho- 
plasmacytoid cells, and macrophages in bi- 
opsy specimen from larynx (H & E, original 
x560). 


were located between the amyloid deposits. A few 
giant cells were found. 


Case 5. This 61-year-old woman was admitted to 
the department of otorhinolaryngology at the Univer- 
sity of Kiel in 1988. Severe hoarseness had been 
treated conservatively for more than a year without 
success. The family history was unremarkable. An 
appendectomy was performed in 1938 and a cesarean 
section in 1963. She had complained of dizziness for 
8 years. 


Clinical examination revealed a central defect of 
the right eardrum and a mixed hearing loss. A sensory 
hearing loss of retrolabyrinthine origin on the left 
side was ruled out. Indirect and direct laryngoscopy 
revealed a swelling of the right vocal fold. The right 
vocal fold was fixed medially. A computed tomo- 
graphic scan displayed a tumor in the right vocal fold 
(Fig 4). A detailed internal examination revealed an 





Fig 4. (Case 5) Computed tomogram of larynx with 
amyloid tumor mass (arrow). 
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OVERVIEW OF FIVE PATIENTS WITH LARYNGEAL 


AMYLOID DEPOSITS 
Age 
Case (y) Sex Localization Type Therapy 

1 49 F Right false AX — None 
vocal fold 

2 61 F  Rightaryepi- A). None 
glottic fold 

3 11 F Right false AX LF 
vocal fold 

4 57 F Left ventricle A) None 
of Morgagni 

5 62 F Right and left AK iLR 
false vocal folds 


LF — laryngofissure, iL R — incomplete local resection with carbon 
dioxide laser. 


enlargedright kidney without functional disturbance. 
A fatty liver was detected ultrasonographically. Rec- 
tal biopsy and biopsies of sternal and pelvic bone 
marrow provided no pathologic findings — in par- 
ticular no amyloid deposits. An incomplete resection 
with a carbon dioxide laser was performed 2. years 
after diagnosis, in 1990. Histologic examination of 
the right vocal fold revealed homogeneous amyloid 
deposits, with some lymphoid cells, under an epithe- 
lial layer. 


IMMUNOHISTOCHEMICAL RESULTS 


Immunohistochemical features revealed immuno- 
globulin light chain amyloidosis in all five cases (see 
Table). In four of the five cases, the amyloid deposits 
reacted with anti-amyloid A antibodies, while the 
other antibodies did not react. In one case, the amy- 
loid reacted only with anti-amyloid « antibodies. 
There was strong immunostaining of the amyloid 
deposits in three of the five cases; the reaction was 
moderate in only one case (case 3); and in case 5 the 
staining intensity was variable. Additional staining 
with antibodies against immunoglobulin free light 
chains could not reveal a monotypic immunoglobulin 
expression of the lymphoid cells in case 1, which had 
the densest lymphoid infiltrate. 


DISCUSSION 


Localized amyloidosis has been described in a 
variety of sites in the aerodigestive tract, including 
the orbit, nasopharynx, lips, floor of the mouth, 
tongue, larynx, and tracheobronchial tree, 19:20:26 


Laryngeal amyloid deposits are very rare in the 
pediatric age group.!? We therefore draw attention to 
the fact that one of our patients was 11 years old when 
we saw her for the first time and she presented with 
amyloid deposits of the larynx. Four of our five 
female patients had already passed the fifth decade of 
life. The conspicuous female predominance in our 


five cases might be accidental, since male predomi- 
nance has been described.! 


Hoarseness was the predominant symptom in four 
cases with amyloid deposits of the glottic area. Only 
one patient, with amyloid deposits in the aryepiglottic 
fold, complained of pain. The clinical findings are in 
agreement with the other reported cases in the litera- 
ture, the predominant feature being the localized and 
the organ-limited amyloid deposits. 


The mechanisms that may lead to the formation 
and deposition of amyloid have not yet been eluci- 
dated. There are common features in all types of 
amyloid reported in the literature: 1) a distinctive and 
typical ultrastructure of amyloid fibrils on electron 
microscopy,’ 2) asecondary structure with antiparal- 
lel beta sheet conformation," and 3) an amyloid se- 
rum precursor that already has a high degree of beta 
sheet conformation. 


Different protein groups have been seen to form 
amyloid fibrils, namely monoclonal immunoglobu- 
lin light chains (A or «) in idiopathic and myeloma- 
associated amyloidosis, amyloid A protein in reac- 
tive amyloidosis, and transthyretin (prealbumin) in 
the familial and senile forms of systemic amyloid- 
osis.”? 


Immunohistochemistry provided the possibility of 
identifying all amyloid diseases when appropriate 
antibodies were available.2” Of particular impor- 
tance is the differentiation between immunocyte- 
derived and reactive systemic types.212527 With this 
method, amyloid in all our cases could be identified 
as immunocyte-derived, with the À isotype in four 
cases and the x isotype in one case, The latter case is 
to our knowledge the first identified x isotype laryn- 
geal, organ-limited amyloid. 


Monoclonal plasma cell proliferations are the un- 
derlying disease, and the secreted immunoglobulin 
light chains are the precursors of the light chain type 
of amyloid. The monoclonal plasma cell prolifera- 
tion may be malignant, such as a plasmocytoma, or 
benign. The proliferating plasma cells may often 
secrete immunoglobulins, resulting in monoclonal 
gammopathy or Bence Jones proteinuria. In spite of 
the predominance of immunoglobulins with « light 
chains, the amyloid-forming light chain is instead of 
the A type. In our cases, lymphocytes and plasma cells 
were found in the stroma within or around the amy- 
loid deposits. Probably because of fixation and the 
kind of antibodies used, the attempt to demonstrate a 
monotypic immunoglobulin light chain production 
of these lymphoid cells failed in all five cases, al- 
though in one case, there was a dense infiltrate on 
mature plasma cells. Thus, there is no information as 
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to the relationship of these cells to the amyloid. 
Examination of the bone marrow, which was per- 
formed in case 5 alone (our most recent case), did not 
reveal the presence of a plasma cell dyscrasia. 


Preud'homme et al?? demonstrated monoclonal 
plasma cell populations in systemic idiopathic (im- 
munoglobulin light chain) amyloidosis by immuno- 
fluorescence. They were able to show a secretion of 
large amounts of free light chains, most often of the 
À type, in every idiopathic or myeloma amyloidosis 
case, and the presence of light chain fragments in 
almost all of the 16 reported cases. In contrast, 
reactive amyloidosis revealed a normal distribution 
of bone marrow plasma cells. These data confirm that 
idiopathic amyloidosis belongs to plasma cell dys- 
crasia and emphasize the role of free light chains and 
light chain fragments in the pathogenesis of amyloid 
deposition. 


Immunohistochemical differentiation and a new 
classification simplified the therapeutic approach 2128 





The best therapy of idiopathic localized or organ- 
limited amyloidosis is thus far local excision. Eradi- 
cative laryngofissure or laryngotracheofissure, as 
reported by Watanabe et al?! and performed 16 years 
ago in case 3, is possibly a very effective approach to 
avoid the recurrence of amyloid tumor and ensuing 
repeated resections in the same region. However, this 
approach may not be necessary when the tumor is 
growing very slowly. It must be kept in mind that 
even spontaneous regression is possible.!? In many 
locations, as in the larynx, removal at intervals is 
more feasible than radical resection, and the proce- 
dure seems now to be favored. Resection with the 
carbon dioxide laser was described by McIlwain and 
Shepperd!2 and was' performed in one of our cases 
without total resection of the tumor. As recurrence 
may become manifest after several years, long-term 
follow-up is recommended.® Development of a gen- 
eralized amyloidosis did not occur in our cases, 
during a period up to 20 years in case 3, and to our 
knowledge has not been reported in the literature. 
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20TH INTERNATIONAL CONFERENCE ON COCHLEAR IMPLANTS 


The 20th International Conference on Cochlear Implants will be held June 23-25, 1993, at the Ritz-Carlton Hotel, San Francisco, 


California. For further information, contact University of California, Extended Programs in Medical Education, Room LS-105, San 
Francisco, CA 94143-0742; (415) 476-4251. 
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THE JERUSALEM SYMPOSIUM ON SURGERY OF THE SKULL BASE AND ADJACENT MIDLINE REGION 


The Jerusalem Symposium on Surgery of the Skull Base and Adjacent Midline Region will be held March 21-26, 1993, in Jerusalem, 
Israel. For further information, contact Dr F. Umansky, The Jerusalem Symposium on Surgery of the Skull Base and Adjacent Midline 
Region, PO Box 50006, Tel Aviv 61500, Israel; Telephone 972 3 5174571; Telex 341171 KENS IL; Fax 972 3 655674. 
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NEW DEVICE FOR INTERDENTAL IMMOBILIZATION 


BORIS O. Divis, MD, FRCSC 
CAMPBELL RIVER, CANADA 


The immobilization of a simple fractured jaw with arch bars is a time-consuming, laborious procedure. The alternative method of 
immobilization described here uses a precisely threaded, 22-gauge, malleable stainless steel wire and a threaded nylon nut. It affords the 
surgeon relative safety from accidental puncture trauma and makes the interdental immobilization a precise and speedy procedure. 


KEY WORDS —- alternative, arch bar, interdental immobilization, jaw fracture. 


The Dimac wire (US Food and Drug Administra- 
tion No. K910090; Dimac Medical Inc, Blaine, Wash) 
was developed as a simple and precise method of jaw 
immobilization that would afford greater safety to 
both the patient and the surgeon. It satisfies the 
surgical demands for simplicity of design and sim- 
plicity of application, while allowing direct observa- 
tion of the dental occlusion (Fig 1). 


Today, the common method of immobilizing a 
simple fracture with good dentition is by the applica- 
tion of Ivy loops or arch bars wired to individual 
teeth. Unfortunately, these are tedious and time- 
consuming methods, with the constant danger of 
trauma to the surgeon's fingers through the twisted 
wire ends, which need to be tucked away after they 
are trimmed. Twisting a wire around a tooth conveys 
very little information as to its tightness, and so there 
is a danger of avulsion if the pressure is too great. 


To quote Wilson and Hohmann!(P^30-D from a 
paper on dental anatomy and occlusion, 


The structures responsible for maintaining the stability of 
the tooth are the gingiva, periodontal membrane, cementum 
and alveolar bone, which collectively are called the 
periodontium. It is obvious that during surgical proce- 
dures every effort must be made to preserve these support- 
ing tissues. Damage to these structures may later result in 
tooth loss. For these reasons special precautions must be 
taken in the application of arch bars. All too frequently a 
large (number 24 or 26) wire is forced through the soft 
tissues of the interdental space. The tightening of this wire 
arounda tooth may cause ischemic necrosis of the mucosa, 
periodontal membrane, and transverse fibers. If damage is 
extensive, tooth loss may result. It is much less traumatic 
to employ a loop of number 28 wire, which is passed 
around the tooth on a loop of dental floss,... 


This gauge (28) calls for the application of a 
greater number of wires (16 or more), with increased 
likelihood of breakage, a longer operating time, and 
a greater chance of puncture trauma to the surgeon. If 
the wires are not sufficiently tight around the tooth at 
the time of operation, they will loosen and require 
retightening. Besides being unpleasant for the pa- 


tient, retightening carries a constant danger of wire 
breakage and possibly a need for further anesthesia 
and surgery to replace the wires. 


Dimac wires are a simple and speedy alternative, 
providing greater safety to both the patient and the 
surgeon. Each wire is made of 22-gauge malleable 
stainless steel that is threaded at one end and fitted 
with a threaded nylon nut that has a concave upper 
surface (Fig 2). There are 167 precision-cut threads 
per inch on the wire, and each full turn of the threaded 
nylon nut represents 0.152 mm (0.006 in) of move- 
ment along the wire. It is the precise cutting of the 
thread on the wire and the nut that is the heart of the 
system. It allows the surgeon to feel the tightness of 
the wire around the tooth and eliminates the chance of 
avulsion. The pressure of the nylon nut against the 
hooked wire sustains this tightness and provides 
stability. Only one tooth is required to create a wiring 
post, but there must be opposing dentition. 


A further safety feature of the apparatus lies in the 
design, which uses nylon for the nut, causing it to strip 
if the pressure is too great. If this should happen, the 
wire remains in place and only the nut has to be 
replaced. 





[i.d 


Fig 1. Dimac wires and interdental wiring in place. 
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Fig 2. Close-up view of Dimac wire and nut showing 
precisely cut thread on wire and concavity of nut. 


The wire is applied by being passed between 
adjoining teeth from buccal to lingual and back to the 
buccal surface through the next interdental space, 
encircling the tooth (Fig 3A). After the nylon nut is 
snugged against the teeth, it is unwound approxi- 
mately 10 turns, and the distal end of the wire is 
brought medially and clockwise around the proximal 
end. It is then turned sharply on itself to create a tight 
hook, and the excess wire is snipped off (Fig 3B). The 
nut is then tightened down, and any excess wire 
protruding through the center of the nut is trimmed 
off in the concavity so that it does not irritate the 
mucosa. Because it is applied at right angles to the 
tooth, the wire remains firmly applied and does not 
loosen. 


Uptoeight wires may be used to immobilize a jaw, 
with a greatly reduced application time. Specifically, 
the 1 to 2 hours required for arch bar application is 
reduced to 20 to 40 minutes for Dimac wires — 
providing economy in the use of operating room time 


and personnel. 


Besides being used to provide intermaxillary fixa- 
tion for simple jaw fractures with good dentition, 
Dimac wires may be used intraoperatively or postop- 
eratively in orthognathic surgery, temporomandibu- 
lar joint surgery, jaw resection, and plating proce- 
dures. They also allow horizontal stabilization of jaw 
fractures by the application of interdental wires across 
adjoining teeth. 


Postoperative adjustment is minimal and, if needed, 
requires only a fractional turn of the nut. There is no 
wire breakage or discomfort to the patient, as can 
happen with the postoperative adjustment of arch 
bars. 


Removal of the wires is possible without anesthe- 
sia and consists of unscrewing the nylon nut and 
unhooking the loop of wire, which is then clipped off 
close to the tooth. The remaining wire is pushed 
backward and removed from the lingual aspect of the 
tooth (Fig 3C). 


In 30 cases of simple jaw fractures with good 
dentition that were treated with this method of fixa- 
tion, one patient required a wire to be tightened by a 
quarter turn of the nut. Two patients complained of 
irritation of the mucosa, and this was cured by the 
application of dental wax. In all cases there was 
minimal damage to the gingiva at the time of removal 
of the wires, with return to normal appearance within 
a week. None of the patients suffered damage to their 
teeth. 


Dimac wires are manufactured in the United States 
and are sold in sets of 10 wires, including a nut driver, 
for $79. 





Fig 3. Procedure. A) Pass wire between adjoining teeth from buccal to lingual and back to buccal surface 
through next interdental space to encircle tooth. B) Snug nut against teeth and unwind it approximately 
10 turns. Bring distal end of wire medially and clockwise around proximal end. Turn it sharply on itself, 
tighten down nut, and snip off any excess wire in concavity. C) To remove wire, unscrew nut and unhook 
loop of wire. Snip off close to teeth. Push remaining wire backward and remove from lingual aspect. 
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CAROTID ARTERY RESECTION FOR HEAD AND NECK CANCER 
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Occasionally, the head and neck surgeon encounters a patient whose malignancy involves the carotid artery. In these patients, 
curative or palliative surgery may require excision of the common or the internal carotid artery. However, the high complication and death 
rates dissuade many surgeons from undertaking carotid artery resection. This study reviews the outcomes in 20 patients treated between 
1979 and 1985 at the Department of Otolaryngology-Head and Neck Surgery, The University of Iowa Hospitals and Clinics, with 
resection of the carotid artery for head and neck cancer. The carotid artery was electively resected in 16 patients, while 4 patients 
underwent emergent carotid artery ligation. In the group of patients studied the stroke rate was 2596, the death rate 2046, and the combined 
stroke and death rate 3096. Of the patients who survived the procedure, all but 1 died of complications caused by tumor recurrence. These 
results are discussed, and compared with results from other studies. 


KEY WORDS -— carotid artery, head and neck cancer, stroke. 


INTRODUCTION 


Elective carotid artery resection is a controversial 
issue in the treatment of patients with advanced 
malignancies of the head and neck. Tumor adherence 
or invasion of the carotid artery may require carotid 
resection for control of disease. However, the signif- 
icant risks of stroke and death, as well as the low cure 
rate, deter many surgeons from electively resecting 
thecarotid artery.! Unfortunately, there are few alter- 
natives. Failure to fully resect the segment of the 
carotid involved with tumor may result in tumor 
recurrence or death from carotid rupture. 


Two primary situations require resection of the 
carotid artery. First, elective resection is necessary in 
some cases in which cancer has invaded the artery. 
The carotid is resected because of the high risk of 
potential rupture that exists if the artery is allowed to 
remain intact. Second, carotid artery resection is 
necessary to control hemorrhage from the artery. In 
these cases, the carotid artery is emergently resected 
or ligated after carotid rupture has already occurred. 


This study reviews the postoperative outcomes in 
20 head and neck cancer patients treated with resec- 
tion of the internal or common carotid artery. The 
stroke and perioperative death rates are compared 
with those in other studies in an attempt to assess 
resection of the carotid artery as a viable option in 
these patients. 


MATERIALS AND METHODS 
From 1979 to 1985, 20 head and neck cancer 


patients underwent resection of either the internal or 
the common carotid artery at The University of Iowa 
Hospitals and Clinics. This group included 17 men 
and3 women, with a mean age of 55, ranging from 30 
to 70 years of age. As listed in Table 1, the primary 
tumor originated in the pyriform sinus in 5 patients 
and in the larynx in 5 other patients. Other primary 
tumor sites included the base of the tongue, nasophar- 
ynx, tonsillar fossa, oropharynx, and esophagus. In 2 
patients, the primary tumor site could not be deter- 
mined. 


Sixteen of the patients underwent elective resec- 
tion of the carotid artery, either because of tumor 
invasion or to prevent carotid rupture. Four patients 
required emergent ligation and resection of the ca- 
rotid artery after rupture of the artery had already 
occurred. 


Retrospective chart reviews were carried out to 
determine the long-term outcomes in this group of 
patients. Complications resulting directly from re- 


TABLE 1. PRIMARY TUMOR SITE OF PATIENTS WITH 
CAROTID ARTERY RESECTION 


Tumor Site No. of Cases 


Larynx 
Pyriform sinus 
Base of tongue 
Nasopharynx 
Undetermined 
Oropharynx 
Tonsil 
Esophagus 
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TABLE 2. COMPLICATIONS OF CAROTID ARTERY RESECTION IN HEAD AND NECK CANCER PATIENTS 
Patient Age Sex Treatment (Days Postoperatively) Cause of Death Survival 
1 36 M Elective Respiratory failure 16 mo 
2 66 M Emergency ny (34), perioperative Cerebrovascular accident 37 d 
ea 
3 62 M Elective Stroke (8), SIADH, pneumonia, Cerebrovascular accident 22d 
perioperative death 
4 52 M Elective Cardiopulmonary arrest 10 mo 
5 45 F Emergency Respiratory arrest 4 mo 
6 54 M Elective Seizure, stroke (6) Lung metastasis 10 mo 
7 66 M Elective Pneumonia (3) Septic shock 35d 
8 61 F Elective Meningitis Cardiopulmonary arrest 39d 
9 45 M Elective Lactic acidosis 5 mo 
10 60 M Elective Respiratory arrest 8 mo 
11 48 M Elective Tumor recurrence 33 mo 
12 48 F Elective Fistula Lung metastasis 12 mo 
13 51 M Elective Fistula (20) Cardiopulmonary arrest 14 mo 
14 30 M Elective 21 mo* 
15 53 M Emergency Cerebrovascular accident 4mo 
16 74 M Elective Stroke (4) 34 mo* 
17 55 M Elective Stroke (1), perioperative death Cerebrovascular accident 7d 
18 64 M Emergency Blindness (4), fistula (6), Respiratory failure 7d 
perioperative death 
19 70 M Elective Blindness (3) Respiratory arrest 7 mo 
20 63 M Elective Myocardial infarction 9 mo 


SIADH — syndrome of inappropriate secretion of antidiuretic hormone. 


*Lost to follow-up. 


section of the carotid artery were identified and 
compared with the findings of other authors. In 
addition, the mean life expectancy of our patients 
following carotid artery resection was compared with 
the results given in similar studies to assess the 
benefit of this procedure. 


RESULTS 


Table 2 lists the patient age and gender, the circum- 
stances under which carotid artery resection was 
performed, complications, and survival. The most 
common complication was stroke, with an overall 
incidence of 25%. Five patients suffered strokes 
postoperatively, three of whom died before being 
discharged from the hospital. Of the other two stroke 
victims, one survived for 10 months after carotid 
artery resection, eventually dying with tumor metas- 
tasis to his lungs; the other survived 34 months 
without clinical evidence of tumor recurrence, after 
which he was lost to follow-up. 


The timing of stroke following carotid artery re- 
section varied dramatically in our patients. One suf- 
fered a stroke postoperatively within the first 24 
hours, three suffered strokes within the first 2 weeks, 
and one suffered a stroke 34 days following surgery. 


In this study, we define perioperative death as 
occurring after surgery and before the patient’s dis- 


charge from the hospital. Four patients died periopera- 
tively as a direct result of their carotid artery resec- 
tion. As stated earlier, three of those were patients 
who suffered strokes. The other patient, who required 
emergency resection of the carotid artery, developed 
blindness of his right eye caused by an embolus to the 
central retinal artery. He died of respiratory failure on 
the seventh postoperative day. Thus, we experienced 
a 20% incidence of perioperative death as a direct 
result of carotid artery resection. The two other peri- 
operative deaths (one on the 35th postoperative day 
and one on the 39th) were caused by infections: one 
case of sepsis and one case of meningitis. Because 
these perioperative deaths did not result from carotid 
artery ligation, they are notincluded as complications 
of the resection. Combining the incidence of stroke 
and death in our study gives a 30% risk of either 
suffering a stroke or dying perioperatively as a direct 
result of carotid artery resection. 


The patients in our study suffered other complica- 
tions from carotid artery resection as well (Table 2). 
Three patients developed pharyngocutaneous fistu- 
las. Two patients acquired pneumonia, and one be- 
came septic and died in shock. Two patients devel- 
oped postoperative blindness from embolization of 
the central retinal artery. The syndrome of inappro- 
priate antidiuretic hormone secretion occurred in one 
patient as a direct complication of a stroke. Another 
patient experienced seizures. 
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TABLE 3. MORBIDITY AND MORTALITY RATES OF 
CAROTID ARTERY RESECTION IN HEAD AND NECK 


CANCER PATIENTS 
% of Patients 
Combined 
Stroke 
No. of and 
Study Year Cases Stroke Death Death 
Watson and 
Silverstone? 1939 20 45 55 65 
Moore and 
Baker? 1955 88 45 31 45 
Gandhi and 


Oppenheimer? 1962 10 20 20 20 
Moore et al? 1969 151 39 29 


Shumrick$ 1973 19 21 58 79 
Martinez 

et al? 1975 18 44 

Heller and 

Strong® 1979 59 25 29 37 
Atkinson 

et al? 1984 12 17 8 17 


Present study 1992 20 25 20 30 


In this study, the mean life expectancy following 
carotid artery resection was 9.6 months. Of the 14 
patients who survived beyond the perioperative pe- 
riod, 13 died because of tumor recurrence. A patient 
who died of a myocardial infarction showed no signs 
of tumor recurrence. 


DISCUSSION 


Many authors have addressed the problems associ- 
ated with carotid artery resection in patients with 
head and neck cancer.” Eight of these studies are 
presented in Table 3,2? with the incidence of stroke 
and perioperative death and the combined stroke and 
death rates, for each. The postoperative incidence of 
stroke and death in our patients is clearly within the 
range of complication rates reported by other authors. 


There are several possible explanations for the 
large variations among the data presented by differ- 
ent authors. First, some studies include only patients 
undergoing elective carotid resection, while others 
include emergent carotid ligation as well. Atkinson et 
al? reported an 8% perioperative death rate following 
12 elective carotid resections, while the 58% periop- 
erative death rate reported by Shumrick® may be 
attributed to the fact that 13 of his 19 cases were 
emergent. Similarly, Martinez et al? demonstrated a 
better survival rate in elective carotid artery resection 
than in emergent cases. 


Gandhi and Oppenheimer* reported a 20% com- 
bined incidence of stroke and death following emer- 
gent carotid artery resection. They attribute their low 
complication rate to the fact that gradual thrombosis 
of the carotid artery allows development of collateral 


circulation, resulting in fewer postoperative neuro- 
logic complications. In addition, Moore et al? con- 
cluded that patients who develop neurologic compli- 
cations and suffer perioperative death following ca- 
rotid artery resection are most commonly those pa- 
tients who develop shock. 


The mean life expectancy in our patients following 
carotid artery resection of 9.6 months compares fa- 
vorably with other studies. Hollmann and Timmel!® 
examined patient survival following internal carotid 
artery resection in 30 head and neck cancer patients 
and reported a mean life expectancy of 4 months. The 
longest survivor they reported lived for 20 months, 
while our longest survivor lived 34 months, after 
which he was lost to follow-up. 


Several methods have been described to predict 
the safety of carotid artery resection. These include 
intraoperative electroencephalography, carotid stump 
pressure monitoring, ocular plethysmography, so- 
matosensory-evoked cortical potentials, and tempo- 
rary balloon occlusion with xenon-enhanced com- 
puted tomography of cerebral blood flow. Intraop- 
erative electroencephalography has the disadvantage 
of failing to predict delayed onset of stroke. In our 
series, four of five strokes were delayed more than 24 
hours after surgery. 


Ehrenfeld et al!! concluded that a systolic stump 
pressure of greater than 70 mm Hg indicates ad- 
equacy of collateral circulation. They also noted that 
intermediate stump pressures of 55 to 68 mm Hg 
represent a genuine hazard and that pressures below 
55 mm Hg result in an unacceptable stroke rate. 
Others, however, have shown that carotid stump 
pressure is an inaccurate predictor of subsequent 
neurologic compromise. !2 


Ocular plethysmography, as described by Martinez 
et al,’ uses intraocular pressure to measure cerebral 
blood flow. This method allows one to predict accu- 
rately and reliably the adequacy of collateral flow to 
compensate for carotid artery resection. Atkinson et 
al? used somatosensory-evoked cortical potentials in 
conjunction with carotid stump pressure with good 
results. One of the most recent advances in this area 
is the use by de Vries et all? of temporary balloon 
occlusion with xenon-enhanced computed tomogra- 
phy of cerebral blood flow. This method seems 
promising, although further studies are necessary to 
obtain statistically significant data. 


Carotid artery resection is a technically feasible 
operation with a reasonable perioperative complica- 
tion rate, considering the severity of the insult to the 
patient. While this procedure may prolong the dis- 
ease-free interval, it does not appear to increase 


Maves et al, Carotid Resection for Cancer 


patient survival, and the severity of resulting compli- 
cations may shorten the lives of some patients. A 
reasonable assessment of the risks to the individual is 
necessary in each circumstance, and informed con- 
sent is mandatory. Patients must be advised of the 
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considerable morbidity and mortality rates associ- 
ated with this procedure. It is our hope that this study 
and the other studies reviewed will aid the head and 
neck surgeon in assessing the risks involved with 
carotid artery resection. 
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COMPUTER APPLICATIONS IN OTOLARYNGOLOGY 


COMPUTER RECOGNITION OF BRAIN STEM AUDITORY EVOKED 
POTENTIAL WAVE V BY A NEURAL NETWORK 


DONALD T. FREEMAN, MS 
PITTSBURGH, PENNSYLVANIA 


A neural network simulator was used for the recognition of the presence and location of the peak of wave V of the brain stem auditory 
evoked potential (BAEP) test. Waveforms selected from BAEPs performed in the last 4 years at the University of Pittsburgh Presbyterian 
University Hospital were digitized and sampled, and the resulting amplitudes were normalized. A training set was composed of the 
waveforms resulting from the stimulation of 50 ears. The normalized amplitudes were used as the initial activation values for the 
networks. The desired outputs (the target locations for wave V) were represented in the output layer by setting the output element, which 
corresponded to the target location and its immediate neighbors, to high activation levels, and all the remaining output units to zero 
activity. Two network architectures, differing only in the hidden unit layer, with 40 and 16 hidden units, respectively, were trained by 
using standard back-propagation. Several trials from different starting points were performed for each architecture. The best network, 
found after 60 epochs (3,000 presentations), was able to correctly identify 17 of 20 cases (85%) from a set of test cases that were 


independent from the training set. 


KEY WORDS — computer-assisted diagnosis, computer-assisted image processing, exemplar-based machine learning. 


INTRODUCTION 


Complex waveform recognition is generally con- 
sidered to be a difficult task for machines. Analytic 
approaches to this problem have been described, and 
they work with reasonable accuracy.!? These tech- 
niques, however, require substantial mathematical 
training, and the process is often time-consuming and 
labor-intensive.? Mathematic modeling also requires 
substantial knowledge of the particular details of the 
waveforms in order to determine how to apply the 
models and to determine detection criteria. Rule- 
based expert systems have also been used for the 
recognition of waveforms.^ They require that a knowl- 
edge engineer work closely with a domain expert to 
extract the rules that the expert uses to perform the 
recognition. If the rules are ad hoc or if it is difficult 
for experts to articulate the rules they use, then rule- 
based expert systems are cumbersome to implement. 


This paper describes the use of neural networks to 
recognize the location of peak V from the waveform 
recording of brain stem auditory evoked potential 
(BAEP) tests. General discussions of connectionist 
networks can be found elsewhere.’ The main features 
of neural networks that are relevant for our purposes 
revolve around their ease of use as compared to other 
modeling techniques. Neural networks provide sev- 
eral advantages over modeling with differential equa- 
tions or rule-based systems. First, there is no knowl- 
edge engineering phase. The network is trained auto- 
matically by using a series of examples, along with 


the "right answer" to each example. Second, the 
resulting network typically has significant predictive 
power when novel examples are presented. So, neu- 
ral network technology allows expert performance to 
be mimicked without requiring that expert knowl- 
edge be codified in a traditional fashion. In addition, 
neural networks, when used to perform signal analy- 
sis, require vastly less restrictive assumptions about 
the structure of the input signal than do analytic 
techniques.$ Neural nets have not yet been widely 
applied to problems of this sort." Nevertheless, it 
seems that interest is growing in using computers, 
especially neural networks, to solve advanced prob- 
lems in medical decision-making.9-10 


NEURAL NETWORKS 


Neural network modeling, also called connection- 
ism, uses ideas from neuroscience and computer 
science to develop machines that perform complex 
recognition tasks. Neural networks are an alternative 
to classic computing techniques and traditional artifi- 
cial intelligence techniques. They are particularly 
good at learning by example, at fault-tolerant (error- 
tolerant) computing, and at pattern recognition. 


Artificial neural networks were inspired by char- 
acteristics of living neural systems. Biologic neurons 
have multiple input paths (dendrites), which transmit 
possibly multiple weak input signals to the cell body, 
in which these multiple contributions are “evaluated” 
in a way that changes the probability that the cell will 
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dendrites 


Fig 1. Schematic diagram of processing 
element, natural and artificial. xi — input 
stimulus, wi — weight, Y, — linear sum. 


deliver an action potential along its axon. The axon 
may stimulate or inhibit the dendrites of one or many 
other cells, including its own. 


At the center of the computational model of a 
neuron is the processing element, or unit. The basic 
structure of a processing element includes several 
parts, as diagrammed in Fig 1. A processing element 
may have oneor many input paths, usually from other 
processing units but sometimes from an external 
source, Each input, called a stimulus, is multiplied by 
the weight associated with its input path, shown as 
wl, W2,..,Wn. The processing element adds these 
adjusted stimuli together to generate the weighted 
sum of the stimuli and then uses a nonlinear transfer 
function, T, to compute its output, also called the 
unit's activity. The activity is passed to the output 
path, which connects to one or more other elements. 
This output value may become the stimulus value for 
other processing elements to which the unit is con- 
nected. 


Different transfer functions may be employed. The 
transfer function may yield an all-or-none response, 
or it may be continuous, resulting in more activation 
as the stimuli to the processing element increase in 
strength. The transfer function for input units is the 
identity function, passing activation to the output 
path without changing it. The input paths are analo- 
gous to dendrites in biologic systems. The weights on 
the input paths correspond to the synaptic connection 
strength. The summation and transfer functions can 
be taken to reflect processing that happens at the axon 
hillock, and the output path is analogous to the axon 
itself. 


Typically, processing elements are arranged into 
groups, or layers, that may connect in various ways. 


The three-layer network shown in Fig 2isthetypical . 


organization for neural networks that use the back- 
propagation of error learning paradigm, which will 
be discussed briefly below. An input layer accepts 
the stimuli from the "outside world" directly and 
performs no processing, each unit passing its input 
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electrical 
spike 






adjustable 
threshold 


directly to the output path. The output paths from the 
input layer connect to a group of units that are 
between the input and output layers; they are called 
hidden units. In a three-layer network, these hidden 
units have output paths that connect to the output 
Jayer. Hinton!! showed that hidden units sometimes 
respond to specific features in the input pattern; 
hence, the hidden units are sometimes considered to 
be feature detectors. However, a precise understand- 
ing ofthe behavior ofthe hidden unitlayerremains an 
active research topic.!* Each unit of the output layer 
calculates the linear sum of the inputs from the hidden 
layer to the output unit and passes the result through 
the transfer function. The resulting activity on the 
unit is one of the outputs of the net. The activities of 
these units are read as the output of the network and 
often represent different pattern classifications. In a 
fully connected network, each element is connected 
to every element in the adjacent layers. 


Processing of inputs by a neural net involves 
presenting stimuli to the input nodes. These stimuli 
are typically real numbers between —1 and 1. The 
value of each of these numbers corresponds to some 
feature of the inputs, and the input unit is said to 
represent that feature. For example, each input unit of 
a net could represent the amplitude of a wave at a 
particular time where 0 corresponded to no amplitude 
and 1 corresponded to the maximum amplitude. Ten 
input units could correspond to 10 samples of the 
amplitude of the wave at the 10 time points repre- 


. sented by each of the units. 


The input values are sent to the input units' output 
path, which connects to one or more of the units in the 
hidden layer. The activity of each of these hidden 
units is determined by first multiplying each of its 
input path stimuli (from the outputs of the previous 
layer) by the input path weight and adding them 
together to form the linear sum. This sum is passed to 
a transfer function and the result of that function 
becomes the activity of the unit. This activity is sent 
to the output path of the unit. The units in the output 
layer perform the same calculations, and the activi- 
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Fig 2. Recognition of numeral 2 by neural network. Not all 
connections are shown. Activity is in milliseconds. 


ties of the output units are the outputs of the net. 


One key to the proper performance of a network is 
the setting of appropriate weights. Once finalized, the 
weights remain constant and determine the activities 
on the hidden and output units from the activities of 
the input units. An important feature of these systems 
is that they can automatically learn the appropriate 
connection strengths necessary to produce the “cor- 
rect" output by applying a learning rule. 


Neural networks can be made to adjust the weights, 
or learn, if they are given an input and the output that 
is expected from the input. The set of examples along 
with the “right answers" is called the training set. One 
popular training procedure, the back-propagation of 
error method, proceeds in several steps. First, the 
inputis presented to the input nodes. The hidden layer 
activities are calculated and then the output layer 
activities are calculated. Next, the actual output ac- 
tivities are compared to the desired activities. When 
a unit's activity differs from the activity that was 
needed to produce the correct output (the desired 
response), the degree to which the network made a 
mistake is called the error. For example, if an output 
node response was 0.3 but the correct response was 
1.0, then the error was 0.7. The weights on the input 
pathto thatunit are adjusted so that the activity on that 
unit: will be closer to the desired activity for that 
example, and they are adjusted in proportion to the 
amount of the error. While it is not difficult to 
calculate an error for the output nodes because the 


activity and the desired answer are known at the 
output layer, no such "desired answer" is known for 
the hidden unit layer. An "effective" desired answer 
is calculated for the hidden unit layer and the process 
is repeated for the hidden units, hence the name back- 
propagation for this phase of learning. 


Many iterations of the process may be necessary 
before the weights are set to optimum values during 
the learning phase by the back-propagation algo- 
rithm. The learning process is repeated after each 
case has been presented. After many case presenta- 
tions the network becomes trained. This is called 
supervised learning, because the "rewards" and “pun- 
ishments" are provided by a knowledgeable teaching 
program (the learning part of the network simulator) 
with the answers in hand. After training, the net may 
be applied to test cases in which the answers are not 
known. 


One useful feature of neural nets is that they do 
more than simply *memorize" the cases in the train- 
ing set. If they only memorized, then the net could 
only provide correct answers when the inputs to the 
net were identical to the inputs in one of the training 
cases. Instead, these networks are said to generalize. 
Inputs that differ from the training examples are often 
handled well. After appropriate training, the nets are 
often robust to noisy and missing data in the input. 
Furthermore, some “gestalt” is developed from the 
training set that often allows inputs substantially 
different from the training example inputs to be 
managed well. | 


Neural Networks Versus Traditional Computing. 
Traditional computers execute instructions one at a 
time, in sequence, until a final result is achieved. In 
contrast, each of the processing units of a neural 
network can operate in parallel with all the other units 
ofthe network. (Note that a standard computer can be 
used to simulate such a network so that no special 
hardware is required.) The power of neural networks 
comes from the interaction of a large number of 
simple processing elements, each sending signals to 
other units. This results in a very different approach 
to problem-solving when neural networks are em- 
ployed rather than traditional programs or artificial 
intelligence approaches. 


Consider the example in Fig 2. Suppose we wish to 
recognize the number 2 represented as the arrange- 
ment of pixels, as is the case for mechanical displays. 
We may use either traditional rule-based expert sys- 
tems or a neural network to perform the recognition 
task. 


Rule-based expert systems represent the symbolic 
knowledge that they use to solve problems as a set of 
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Fig 3. Brain stem auditory evoked potential chart 
showing graph of averaged ipsilateral potentials 
with waves I to V identified. Points shown are 
milliseconds. 


IF x THEN y rules. The rule to recognize the number 
2 might be 


IF horizontals = 2 AND diagonals = 3 
THEN conclude numeral = “2” 


Since rule-based expert systems only accept sym- 
bolic information as their inputs, a separate program 
must be written to extract the important features of 
this task — the horizontal, vertical, and diagonallines 
from the illuminated dots of our display example. 
This program itself might require substantial artifi- 
cial and engineering intelligence. The output of such 
aprogram would be the symbolic information used as 
inputs to the rule-based expert system recognition 
system, eg, 


(linenumber = 1:direction = horizontal : length = 3) 


Construction of an artificial neural network takes 
a different approach. Neural networks are not pro- 
grammed; they learn by example. Here we might 
imagine that each of the elements of the numeral 
display was hooked up to an artificial neuron that 
fired when that display element was illuminated. 
More precisely, each of the input nodes of the net- 
work would represent the state of one of the dots on 
the display. When a display dot is off, the network 
node representing it would receive an input value of 
0. When a display element is on, the network node 
representing it would receive an input value of 1. In 
this example, input nodes are set to 0 or 1, butin many 
neural networks the input values take on any real 
value between two limits, often 0 and 1. 


As shown in Fig 2, input nodes (30 of them) are 
activated or not activated, depending on the state of 
the display element they represent. All of the input 
nodes are connected to each of three hidden units. 
These hidden units are connected to 10 output units, 
each of which represents the presence of a digit, as 
labeled. 


To recognize a digit in a neural network, the 
activation of the input units is passed to the hidden 
units on the basis of the value of the weight connect- 
ing the input to the hidden unit. For example, if a 0.7 





weight connects an input unit whose activity is 1.0 to 
a hidden unit, then the contribution of that input unit 
to the hidden unit is 0.7. Each hidden unit sums the 
many contributions to it from the input nodes and 
sends this value through the transfer function, and the 
resulting value is the output or activity of the hidden 
unit. The whole process is repeated between the 
hidden layer and the output layer. 


The result of this process is shown in the activity of 
the output nodes. The node representing the numeral 
2 has ahigh activation, at0.95. The node representing 
the numeral 7 (a numeral frequently confused with 2) 
has the next highest activation, at 0.2 — well below 
the activation for the numeral 2. All the other activi- 
ties are negligible. The key to the success of this 
computation is that the weights have the correct 
values. The weights can be learned by presenting the 
input patterns of a numeral as well as the desired 
answer (1.0 on the node representing 2, and 0.0 on all 
the other nodes) during the learning phase. 


This example illustrates some of the differences 
between traditional techniques and neural networks. 
Rule-based expert system techniques require that 
rules (which may not even exist) be extracted from an 
expert, with the advantage that by following the rules 
used for a conclusion we can understand how the 
expert system reached a conclusion. Also, small 
differences in the way information is represented — 
such as different ways of writing the number 2 — can 
resultin dramatic differences in performance. Should 
thelinerecognition program yield results even slightly 
different from those that are expected, recognition 
becomes impossible. This is brittle behavior of the 
program and is unsatisfactory for domains in which 
input data are noisy. 


Neural networks learn associations between input 
and output patterns automatically, storing these asso- 
ciations as weights. However, it may be difficult to 
explain their behavior, since multiple contributions 
of information from weak sources ultimately com- 
bine to provide a final answer. À neural network can 
generalize on the task for which itis trained, enabling 
the network to provide the correct answer when it is 
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TABLE 1. COMPOSITION OF INPUT DATA 


Abnormal Ears 
` Pro- 
Normal longed Absent Total 
Cases Ears y V Total ^X Ears 
Training 39 8 3 11 50 
Testing 18 0 2 2 20 


presented with an example that is only analogous to 
the training examples. The networks can be trained to 
be sensitive to small differences in the inputs that 
matter but insensitive to noise. This robust behavior 
is required for successful interpretation of noisy data. 


It is important to remember that artificial neural 
networks should not be construed as a “valid” model 
of biologic neurons, although they have been used to 
investigate biologic neural processes. The character- 
istics of artificial neural networks are explained by 
the mathematic models that define the processing 
elements. Although we use broad behavioral terms 
such as learn, generalize, and adapt, neural network 
behavior is quantifiable, with a firm mathematic 
foundation in statistical thermodynamics. 


BRAIN STEM AUDITORY EVOKED POTENTIAL 


Evoked potentials are electrical signals from the 
brain that occur in response to transient auditory, 
somatosensory, or visual stimuli such as a click, 
pinprick, or flash of light. The signals, recorded from 
electrodes placed on a subject’s scalp, are a measure 
of the electrical activity in the subject’s brain both 
from response to the stimulus and from the spontane- 
ous electroencephalographic activity of the brain. 
One way of discerning the response to the stimulus 
from the background electroencephalographic noise 
is to average the individual responses from many 
identical stimuli. When “cortical noise” has been 
removed in this way, evoked potentials can be an 
important noninvasive measure of central nervous 
system function. Although BAEPs are used for many 
reasons, ? attention has recently focused on continu- 
ous automated monitoring of the BAEP intraopera- 
tively as well as postoperatively for evaluation of 
central nervous system function.!4 


A typical auditory brain stem response (ABR) 
waveform has seven important peaks, but often in- 
cludes other peaks resulting from the noise that 
remains after averaging (Fig 3). The time of arrival of 
the peaks (the peak latencies) and the amplitudes of 
the peaks are used to characterize the response. It is 
of interest that the times of arrival of a wave on the 
ipsilateral and contralateral sides may be slightly 
different. This effect becomes more exaggerated the 
mor distant the correlated peaks are from the ori- 
gin. 


There are several issues in the interpretation of the 
waveform. First, it must be clear that some neural 
response to the auditory stimulus is represented in the 
waveform. If a response is present, the peaks that 
correspond to normal and abnormal responses must 
be distinguished from noise that remains in the signal 
even after averaging. Wave IV and wave V occasion- 
ally fuse, forming awaveIV/V complex and confound- 
ing this process. In these cases we say that wave V is 
absent. Finally, the latencies and possibly the ampli- 
tudes of the identified peaks are to be measured 
and a diagnostic explanation for them is developed. 


Neural networks have the potential to learn the 
associations needed to make these decisions, auto- 
matically interpreting the ABR recording. Such an 
application would be similar to the rule-based expert 
system that is currently used to interpret electrocar- 
diograms. Experience with the latter may ameliorate 
concern over replacement; automated interpretations 
do not threaten to replace cardiologists. It is possible 
that such systems improve human performance by 
putting personnel in a "critiquing" position rather 
than having to develop an interpretation for the first 
time. 


METHODS 
DATA 


Plots of BAEP tests were obtained from the 
evoked potential files from the last 4 years at the 
University of Pittsburgh Presbyterian University 
Hospital. In the protocol used there, a series of 2,000 
clicks is delivered and the results from each click — 
electrode activity over 10 milliseconds — are aver- 
aged into a single graph. We refer to the results from 
the stimulation of one ear with the clicks as “ one ear 
of data." 


A preliminary group of training cases consisting 
of 13 patients or 26 ears was selected by traversing the 
files alphabetically from the beginning of the alpha- 
bet. This group was subsequently enlarged to 25 
patients or 50 ears (39 normal and 11 abnormal). 
Most BAEP tests showed no abnormalities; only 1 of 
the first 40 ears was abnormal. In order to create a 
training set with an adequate number of abnormal 
cases, we included 10 additional ears with abnormal 
ABR recordings. For test cases, 10 patients (20 ears) 
were randomly selected. No cases were common to 
both sets, Table 1 summarizes the input data. The 
experiments were performed on the Apple Macin- 
tosh-II computer using Neural Works Professional II 
Version3.5 (NeuralWare, Inc, Pittsburgh, Pa), BitPad 
Plus (Summagraphics Corp, Fairfield, Conn), and 
DigiGraf (Edmonton, Canada), The ipsilateral and 
contralateral wave recordings were transformed to 
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output 


hidden 





ipsilateral contralateral 


Fig 4. Diagram of architecture 1 with representation of 
input and output data shown. 


machine-readable format by manual tracing with the 
BitPad Plus digitizer. The approximately 400 points 
that resulted from the digitization of each ear were 
graphed and compared to the original tracings. If the 
tracings did not match, then the transcription was 
performed again. In addition, the originally recorded 
latency values for peak V were corrected for any 
distortion in the digitizing process. The distortion 
was judged by a neurologist to be minimal. 


A program was written to process the digital wave- 
forms, creating an output file readable by the neural 
network simulator. The program discarded the first 
and last milliseconds of the recordings. The remain- 
ing points were sampled at 0.1 -millisecond intervals 
by using linear interpolation to estimate an amplitude 
if a point had not been recorded within 0.01 milli- 
second of the desired time. These points were then 
normalized to the range «-1,1». The resulting 80 
points for the ipsilateral wave and 80 points for the 
contralateral wave (a total of 160 points) were used as 
the initial activations for the input layer of processing 
elements. 


ARCHITECTURES 


Each of the two network architectures had 160 
input nodes. Each node represented the amplitude of 
the wave at each sample time (1.0to 8.9 milliseconds, 
every 0.1 milliseconds). Each architecture also had 
80 output nodes with a similar temporal interpreta- 
tion (Fig 4). Architecture 1 had 30 hidden units 
connected only to the iplilateral input units, 5 hidden 
units connected only to the contralateral input units, 
and 5 hidden units connected to all the input units. 
The hidden units for both architectures were fully 


connected to the output units. Architecture 2 had 16 
ipsilateral hidden units, 3 contralateral, and 3 con- 
nected to both. Both architectures used the sigmoid 
transfer function at both the hidden and output layers. 
All units were attached to a bias unit. 


The distribution of the hidden units was chosen 
with the knowledge that human experts usually use 
information from the ipsilateral side and refer to the 
contralateral side only when features in the ipsilateral 
side are too obscure to resolve. The selection of the 
number of hidden units in neural network models 
remains an art. In order to determine whether the size 
of the hidden unit layer could be changed, we per- 
formed similar experiments using architecture 1 and 
architecture 2. 


TRAINING 


For training, target values for the output layer were 
all 0.0, except for the output nodes representing the 
time of arrival for wave V (reported on the BAEP 
chart), and one node on each side of it. The peak node 
target was 0.95, and the two adjacent nodes had 
targets of 0.90. For cases in which wave V was 
absent, the target for all the output nodes was 0.0. 


A neural network simulator (Neural Works Profes- 
sional II) and an Apple Macintosh-II computer were 
used to construct the networks and run the simula- 
tions. The back-propagation learning algorithm was 
used to train the networks. The random number 
generator was initialized with random number seeds 
taken from a random number table. Then network 
weights were initialized to random values between 
-0.2 and 0.2 and the training was begun. Since our 
random number generator is deterministic — given 
therandom number seed — these trials are replicable. 


Each of the 50 ears of data in the training set was 
presented in a random fashion (randomize, shuffle, 
and deal technique). Network weights were saved at 
various stages of learning, usually after every 1,000 
presentations (20 epochs), until the cumulative root 
mean squared error for an epoch fell below 0.01. The 
contribution of each training example to the total 
error was examined to determine whether a few 
examples were the source of most of the error. If so, 
training was continued until these examples had been 
learned to an error level comparable to that of the rest 
of the cases. After training, the 20 ears in the test set 
were presented to each of the saved networks, and the 
output nodes of the net were examined for each test 
case. 


ANALYSIS OF RESULTS 


A threshold method was used to analyze the data. 
For each of the test cases the actual location of the 
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TABLE 2. RESULTS FROM PRESENTATION OF 20 TEST CASES TO TWO NETWORKS 


Successful ID of V 
Trial Epochs TP TN 
I 60 16 1 
2 60 15 1 
3 100 14 0 
4 500 15 0 
5 20 14 0 
6 20 15 0 
7 40 15 0 
8 100 15 0 
9 1,000 16 0 


Unsuccessful ID of V 
TT FP FN+ FN- TF 
17 1 1 l 3 
16 1 2 1 4 
14 2 2 z 6 
15 2 2 1 5 
14 2 3 1 6 
15 2 2 1 5 
15 2 1 2 5 
15 2 1 2 5 
16 2 2 0 4 


Trials 1 through 7 are with 40-hidden unit network. Trials 8 and 9 are with 16-hidden unit network. 
ID —identification, V — wave V, TP —true positive, TN — true negative, TT —total true, FP — false positive, FN+— false negative with activation 
above threshold, FN-- — false negative with activation below threshold, TF — total false. 


maximum-value output unit was compared to the 
expected location of the maximum-value output unit. 
For network results to be classified as a correct 
identification in the wave V-present case (true posi- 
tive), werequire that the maximum-value output unit 
have an activation that is over an activity threshold 
(0.50) and that the unit be within a distance threshold 
(0.2 millisecond) of the expected location of wave V. 
For a true negative identification of wave V — a 
correct identification of wave V's being absent — we 
require that all the output activities be below the 
activity threshold and that the case have no wave V to 
find. The network makes a false-positive prediction 
of the location of wave V if some activity is above the 
activity threshold for a case that has no wave V. 
Finally, there are two ways for the network to make 
a false-negative identification of wave V. In both 
instances, wave V must be present in the case. In one 
instance, some output node has activity above the 
activity threshold, but itis outside the distance thresh- 
old. This corresponds to the identification of a wave 
V, but in the wrong place. In the other instance, no 
node attains activity over the activity threshold, cor- 
responding to a failure to find a wave V when one 
exists, 


EXPERIMENTS 


Two experiments were performed. The first used 
architecture 1, while the second used architecture 2, 
each on the same data set. Each of the network 
architectures was trained from differentrandom start- 
ing positions. For each trial (one training from one 
starting position), the network weights were random- 
ized and training was performed as described above. 
The networks were sampled as learning progressed. 


Inexperiment 1, seven trials determined how well 
architecture 1 could identify wave V and provided 
baseline results for the remaining experiment. Ex- 
periment 2 determined whether fewer hidden units 
could be used. 


RESULTS 


Results from the best network found for each of the 
experiments are shown in Table 2. Examining the 
results from the larger architecture (top of Table 2), 
the best network we found (trial 1) correctly identi- 
fied wave V in 16 ofthe 18 wave V—present cases and 
in 1 of the wave V—absent cases for a total correct 
identification in 17 of the 20 test cases (85%). The 
incorrect identifications of wave V represent all the 
possible ways for the network to fail, composed of 
one false positive and two false negatives. In the 
false-positive case, wave V was absent, but the acti- 
vation of one unit was 0.02 over the activity threshold 
of 0.5, indicating that the network predicted a loca- 
tion for wave V. Both of the possibilities for a false 
negative — an identification of the wave outside of 
the distance window and failure to identify a wave V 
at all — were found. In one of the false-negative 
identifications, wave V was identified just outside 
the distance threshold (maximum activity of 0.65 at 
5.5 instead of 5.2 milliseconds). In the other false- 
negative case, no output node attained an activation 
over the activity threshold (maximum activity of 0.25 
at 5.7 milliseconds). 


The best smaller-architecture net correctly identi- 
fied the location of wave V in 16 of the 18 wave V— 
present cases and in none of the wave V—absent cases, 
for a total correct identification in 16 of the 20 test 
cases (8096). Two of the remaining cases were false 
positives, with wave V being identified when it was 
actually absent. In both of the false-negative cases, 
the network predicted the existence of a wave V just 
outside the distance threshold (rather than failing to 
predict its existence at all). 


DISCUSSION 


The 3 cases that were incorrectly identified in the 
best large network were examined closely. It is not 
evident from inspection why the net failed to identify 
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the peaks or why it identified peaks where there were 
none to identify. Where peaks are present, they are 
not unusually located or surrounded by noise. Their 
shape seems similar to that of the cases that were 
identified correctly. We believe that more training 
examples that are "similar" to these 3 test cases, as 
well as examples with greater variety, will improve 
recognition of these cases. This improvement comes 
not from better generalization, but rather from a 
reduced requirement for generalization. If the net is 
trained with cases that are increasingly similar to the 
cases that will be used totestit, then recognition of the 
test cases becomes easier at any given level of gener- 
alization. We have informally observed that when the 
number of training cases was increased from 13 to 25, 
the overall accuracy of the nets' predictions went 
from 50% to 85%, clearly improving the perfor- 
mance. Currently, it is not possible to assess in 
. advance for any neural network what the final accu- 
racy level attainable will be. 


It is notable that in no case did the net select the 
wrong peak from a normal waveform, in spite of the 
variability of our data, which increased the probabil- 
ity of this kind of misidentification. Wave V usually 
appears within the range of 5.2 to 5.9 milliseconds.!5 
Our data were more variable, with the training cases 
ranging from 4.8 to 6.6 milliseconds and the test cases 
ranging from 5.0 to 5.8 milliseconds. 


The performance of the network with 16 hidden 
units was comparable to that of the 40—hidden unit 
architecture. Since the hidden unit layer effectively 
re-represents the inputs in an unknown feature space, 
one interpretation of this result is that few features are 
needed for wave V recognition. Another interpreta- 
tion is that significant data compression or informa- 
tion loss is possible while retaining good recognition 
of wave V. Indeed, if information about the location 
of the other waves is not needed for the identification 
of each wave, then it is probable that a fraction of the 
input data are being used for recognition. Informally, 
we have observed that only the weights connected to 
input units in the range of 4.5 to 6.5 milliseconds are 
dramatically changed in learning. This important 





result indicates that when we extend the network to 
locate the positions of other waves, there will not be 
a combinatorial explosion of the information re- 
quired by the net. Instead, a group of hidden units 
connected only to a small portion of the input layer 
might act as a "local expert" for the identification of 
a peak. Several such groups could be used to identify 
each peak. 


CONCLUSIONS 


Automated waveform recognition is considered to 
be a difficult task for machines, and an especially 
difficult task for neural networks. Our results offer 
some encouragement that neural networks may be 
applied to perform waveform recognition and that the 
technique will be extensible as problem complexity 
increases. 


Still, the accuracy of the networks we have dis- 
cussed is not high enough for clinical use. Several 
extensions have been attempted and others consid- 
ered, including 1) increasing the sampling rate to 
decrease the granularity of the input data, 2) increas- 
ing the training set size, 3) using a different represen- 
tation of the output for wave V—absent cases, 4) using 
a different representation of the input, such as the 
derivative of the amplitudes, and 5) using architec- 
tures that allow hybrids of these ideas. 


Finally, since many other tests in medicine as well 
as other fields require the interpretation of graphical 
data, it is tempting to consider extending this method 
to other domains. One distinguishing feature of the 
BAEP is that there is no difficulty with the time 
registration of the data; we always know where to 
start looking for the wave. This is in contrast to an 
electrocardiogram, for example, which may require 
substantial effort just to identify the beginning of a 
QRS complex. Our results indicate that neural net- 
Works can be used for the interpretation of graphs in 
which the time registration of data is not an issue. 
Medical tests for which this technique would be 
appropriate include other evoked potentials, spec- 
trometry, and gel electrophoresis. 
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With the possible exception of the often clinically 
apparent hemangioma-lymphangioma, the pres- 
ence of a unilateral parotid mass in a child is of di- 
agnostic concern. This is particularly true of a child 
in whom a firm mass arises within a short period of 
time without associated infectious or inflammatory 
symptoms.’ 


CASE REPORT 


A 6-year-old, otherwise healthy boy presented 
with a progressively enlarging, painless, left lateral 
facial mass of 2 weeks’ duration. He had no associ- 
ated otologic or systemic symptoms. His history was 
noteworthy only for an incidental episode of local- 
ized blunt trauma to the left lateral facial region 
several days previously. 


Physical examination revealed a firm left parotid 
mass, 5 cm in diameter, without associated erythe- 
ma or ecchymosis (Fig 1). Findings on otologic ex- 
amination were unremarkable. Oropharyngeal ex- 
amination revealed a normal Stensen’s duct orifice 
and no lateral buccal or pharyngeal wall asymme- 
try. No cervical lymphadenopathy or additional 
masses were appreciable on neck palpation. Facial 
nerve function was normal bilaterally. His right 
parotid and general examinations yielded normal 
findings. Laboratory analysis revealed normal com- 
plete blood count, prothrombin time, partial 
thromboplastin time, and bleeding time. 


Computed tomography performed without con- 
trast material revealed a left intraparotid mass con- 
taining both high- and low-density components (Fig 
2). These components layered out differently on axi- 
al and coronal scans and were consistent with fluid- 
fluid levels. No chronic inflammatory glandular 
changes were apparent, and no associated lymph- 
adenopathy was noted. The right parotid gland ap- 
peared normal. The initial radiologic interpretation 
reported these findings to be consistent with a left 
parotid lymphangioma. 


Diagnostic operative evaluation under general 
anesthesia was performed via 20-gauge fine-needle 





aspiration biopsy. The mass completely disap- 
peared following aspiration of 12 mL of coagulated 
blood. Aerobic and anaerobic cultures proved nega- 
tive, and cytology revealed solely blood elements. 


A slight reaccumulation of soft tissue fullness was 
noted on removal of a pressure dressing on the first 
postoperative day. This resolved spontaneously, 
and follow-up examination 3 weeks later showed no 
evidence of recurrence. This child remains well 1"), 
years postaspiration. 


DISCUSSION 


The differential diagnosis of a unilateral, solid 
parotid mass in childhood includes benign follicular 
hyperplasia of intraparotid and paraparotid lymph 
nodes, inflammatory processes such as cat-scratch 
disease and atypical mycobacterial infection, and 
neoplasms.'~? Solid neoplasms reported in the pedi- 
atric population include the benign pleomorphic 
adenoma and a variety of comparatively rare pri- 
mary salivary gland malignancies.'? The rapid en- 
largement and firm physical characteristics of this 
child’s mass on presentation prompted suspicion of 
a neoplasm, necessitating an expedient and thor- 





Fig 1. Six-year-old boy with left parotid region mass 5 cm 
in diameter (arrow). 
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Fig 2. Computed tomographic images reveal left intraparotid mass (arrows) containing both high- and low-density components that 
layer out differently on A) axial and B) coronal scanning. Remaining parotid parenchyma is normal. 


ough evaluation. 


A variety of radiographic techniques — plain 
films, sialography, ultrasound, radionuclide scans, 
computed tomography (CT), and magnetic reso- 
nance imaging (MRI) — have been employed in 
the evaluation of parotid gland disorders. 


The use of plain radiographs is principally limi- 


ted to the detection of the approximately 20% of 


parotid calculi that are radiopaque.* Contrast sia- 
lography enhances this yield by demonstrating ob- 
structive radiolucent stones and inherent parotid 
duct abnormalities such as strictures, dilatations, 
and sialectasia.*5 The technical performance of 
contrast sialography can be quite difficult in young 
children. 


Ultrasonography provides adequate visualization 
of parotid morphology and can often distinguish in- 
traparotid from extraparotid lesions.* The absence 
of radiation exposure and the lack of reliance on pa- 
tient cooperation make this radiographic technique 
quite applicable to the pediatric population. Its 
greatest potential value is distinguishing between 
cystic and solid masses; it cannot, however, differ- 
entiate diagnostically among solid or mixed density 
parotid lesions.$ 


Radionuclide scans have proven useful in the 
evaluation of certain specific parotid neoplasms and 
glandular disorders; the limited spatial resolution of 
such scans makes them generally inferior to the im- 
aging capabilities of CT and MRI.* 


Computed tomography is an excellent modality 
for parotid gland imaging.*57*!? It typically allows 
differentiation of extrinsic from intrinsic parotid le- 
sions and defines the location of such lesions relative 
to surrounding anatomic landmarks.*? When per- 
formed with the concomitant administration of in- 


travenous and/or sialographic contrast, a distinc- 
tion between benign versus malignant disease can 
occasionally be made.**?* Computed tomography 
scanning proved particularly useful in this child. 
The axial and coronal CT images revealed the mass 
to be clearly intraparotid, of mixed density with a 
suggestion of fluid-fluid levels, and without associ- 
ated inflammatory changes within the remaining 
parotid tissues. These radiographic findings prompted 
the performance of a diagnostic and ultimately 
therapeutic fine-needle aspiration procedure. 


Magnetic resonance imaging has recently emerged 
as the superior method of radiographic parotid as- 
sessment.'':'? It provides excellent soft tissue char- 
acterization and discrimination and therefore bet- 
ter definition of normal and diseased tissue, espe- 
cially in evaluation of cysts and tumors. Magnetic 
resonance imaging, however, is difficult in children 
because of the confining nature of the imaging ap- 
paratus. General anesthesia may be necessary in 
such cases. This potential need, in light of the CT 
scan findings, led to the decision not to perform 
MRI in this child. 


Our review of the literature revealed no previous- 
ly reported cases of intraparotid hematoma occur- 
ring spontaneously or after blunt trauma in either 
the adult or pediatric populations. Parotid hema- 
toma has been listed as one of the complications 
arising from parotidectomy and fine-needle aspira- 
tion.?*!'* Even within this context, hematoma for- 
mation is still a rare occurrence. In one series of 336 
parotidectomies, hematoma occurred in less than 
0.03% of cases.'? Similarly, although case reports of 
the occurrence of hemorrhage after fine-needle bi- 
opsy do exist,'* several extensive reviews of the use 
of fine-needle aspiration and biopsy technique in 
the diagnosis of parotid lesions do not document 
hematoma as an encountered complication. '4:!6!’ 


Lauretano et al, Imaging Case Study of the Month 


CONCLUSION 


This case represents the interesting finding of a 
rapidly enlarging parotid mass occurring after in- 
cidental local trauma. The cystic components of the 
mass were not clinically appreciable, and its firm 
appearance on palpation heightened diagnostic con- 
cern. Computed tomography established the mixed 
density composition of the mass, and needle aspira- 
tion proved to be both diagnostic and therapeutic. 


This entity of intraparotid hematoma has pre- 
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viously been described as a complication of parotid 
surgery and a potential complication of needle bi- 
opsy. It has not been reported as arising in associa- 
tion with blunt parotid trauma. 


Certainly, in the pediatric population, a rapidly 
expanding parotid mass warrants definitive etiolog- 
ic investigation. We recommend that the entity of 
intraparotid hematoma be considered in the differ- 
ential diagnosis of parotid masses; especially if there 
is a history of recent localized trauma, no matter 
how incidental. 
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The upper aerodigestive tracts, particularly the larynx, are not uncommon repositories for amyloid. In most instances amyloidosis 
of the larynx is localized and is not associated with or followed by systemic disease. Oral and nasopharyngeal amyloidoses, on the other 
hand, are very often manifestations of systemic predisposing disorders. Laryngeal amyloidosis is treated, when indicated, by surgical 


removal, often repeated because of persistence or multifocal deposits. 


Amyloidosis is not a single clinicopathologic en- 
tity butrather a grouping of disorders, all of which are 
characterized by deposition of an acellular proteina- 
ceous material (amyloid) in tissues.-? It most often 
occurs as a primary disease or in association with 
plasma cell dyscrasias or inflammatory diseases. 
Less often, it can be inherited or be a concomitant of 
aging. In primary, secondary, and some of the famil- 
ial forms of amyloidosis, there is a systemic involve- 
ment of tissues. Localized forms also occur but the 
amyloid in all types has similar morphologic, struc- 
tural, and staining properties despite involvement of 
fundamentally different protein components.45 


Glenner? has shown that the unifying definition of 
amyloid deposits is that they are aggregates of pro- 
teinaceous twisted B-pleated sheet fibrils of consid- 
erable chemical diversity. In addition to the fibrils, all 
amyloid deposits contain amyloid P component, a 
nonfibrillar glycoprotein that is identical to and de- 
rived from serum amyloid P, a normal circulating 
protein. Amino acid analyses have shown the amy- 
loid protein contains all of the common amino acids. 
There is a preponderance of aspartic acid and glu- 
tamic acid residues. These comprise as much as 20% 
of the total amino acid content, thereby creating the 
highly polyanionic environment that is typical of 
amyloid fibrils. 


As seen with the light microscope, amyloid is a 
homogeneous, acellular, eosinophilic (with hema- 
toxylin and eosin stains), and extracellular material. 
It stains metachromatically with crystal violet and 
characteristically manifests a Congo red staining of 
its fibrils. The latter, examined under polarized light, 
have an apple-green birefringence. Exposure of the 
Congo red to potassium permanganate and dilute 


sulfuric acid may be used to partly subclassify amy- 
loid. Electron optic examination indicates amyloid is 
a fibrous protein with rigid and nonbranching fibrils 
of 7.5 to 10 nm in width. The B-pleated sheet configu- 
ration of the fibrils is seen with x-ray diffraction and 
spectroscopic examination.!> 


Current classifications of the amyloidoses are based 
on the biochemical nature of the protein subunits.!)7 
Immunoglobulin light chain-derived amyloid or type 
AL amyloid consists of k or A monoclonal light 
chains. It is this type that is associated with primary 
systemic amyloidosis, myeloma-associated amyloid, 
and most localized forms of amyloid. Amyloid A 
(type AA) protein is found in secondary amyloidosis 
and familial Mediterranean fever. Transthyretin (pre- 
albumin) is the protein in the fibrils of familial and 
senile cardiac amyloidosis. Amyloid associated with 
chronic dialysis contains B2-microglobulin. 


It has been established that in systemic amyloid- 
osis, chronic inflammatory diseases predisposeto de- 
position of AA amyloid, whereas plasma cell dys- 
crasias predispose to AL amyloid.1-35-7 When a local- 
ized amyloid is associated with a chronic inflamma- 
tory reaction, the amyloid is usually AL.! In some 
forms of localized amyloidosis, the amyloid is associ- 
ated with a hormone, prealbumin, or keratin. 


AMYLOIDOSIS IN AERODIGESTIVE TRACTS 


Amyloid deposition in the head and neck can oc- 
cur in the absence of any systemic involvement or 
associated diseases, or be part of asystemic amyloid- 
osis with or without plasma cell dyscrasias. Local- 
ized amyloid has presented in major and minor sali- 
vary glands, oral cavity and pharynx, nasopharynx, 
sinonasal cavities, larynx, trachea, bronchi and lungs, 
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Amyloidosis of larynx. A) Localized (H & E, original x30). Amyloid lies in soft tissues about seromucous glands. B) Globular 
masses of amyloid in laryngeal lamina propria (H & E, original x140). C,D) Discrete amyloid masses in lamina propria (H & E, 
original x200). Amyloid may also provoke foreign body giant cell reaction (not shown). 


and lymph nodes. When the localized amyloid pro- 
tein has been defined, it has been the AL type.:5? 


Oral Cavity. Symptoms and signs referable to 
amyloidosis in the oral cavity are rarely presenting 
features. The finding of a solitary intraoral amyloid 
deposit is rare.? The best-known oral finding is mac- 
roglossia, associated with primary systemic amyloid- 
osis. When amyloid is present in the tongue, the pa- 
tient is likely to also have amyloidosis with plasma 
cell dyscrasia.? The tongue is firm and indurated and 
may show a yellow nodularity along its lateral bor- 
ders. The gingivae are usually diffusely involved, but 
can appear nearly normal on clinical examination. 
Elsewhere in the oral mucosa aphthous-type ulcers 
formed by rupture of hemorrhagic bullae, or macular 
or papular amyloid lesions may be found. Ten per- 
cent of patients with oral amyloidosis have an accom- 
panying amyloidotic infiltration of their subman- 


dibular glands. 


At considerable conflict are two reports of post- 
mortem studies. Yamaguchi et al? claim an overall 
incidence of 36.4% of lingual amyloidosis in subjects 
older than 60 years. Van der Wal et al,!° examining a 
similar number of tongues at necropsy, could not find 
a single case. 


Sinonasal Cavities and Nasopharynx. Amyloidosis 
localized to these structures without an association 
with predisposing diseases is rare.’ Presentation may 
be either diffuse or nodular, with the amyloid found 
around blood vessels, around salivary ducts, or as 
stromal masses. In nearly all instances there is an 
attendant diffuse chronic inflammatory reaction. 


Larynx. The larynx is the most common site of 
involvement by amyloid in the head and neck, and 
localization in the larynx is twice as frequent as in any 
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other part of the respiratory tract.!1!12 As in the 
nasopharynx and sinonasal tract, the subepithelial 
deposits are grossly diffuse or nodular. The supra- 
glottic larynx, especially the false vocal cords, is the 
region most often involved, but the true vocal cords 
and subglottis are not spared. With respect to the true 
vocal cords, care must be taken to distinguish true 
amyloid from the pseudoamyloid so often found in 
vocal nodules. Pseudoamyloid has no fibrillary sub- 
stance and is composed of an amorphous granular 
degeneration of ground substance with collagen fi- 
bers sparsely interspersed between fibroblasts.!? Mul- 
tifocality appears to be the norm in laryngeal amyloid- 
osis. Seventeen of 22 Mayo Clinic patients had amy- 
loid in multiple sites.! Extralaryngeal amyloid was 
found in 8 patients (trachea, nasopharynx, or nasal 
cavity). In the larynx, amyloid is most often in small 
ball-like masses or sheets, with or without vascular or 
minor salivary involvement (see Figure). The amy- 
loid is AL (light chain, primarily of the X type).! 


A specific form of localized amyloidosis in the 
upper airway is that found in company with an ex- 
tramedullary plasmacytoma — an association noted 
in some 20% of plasmacytomas.!2 


Lower Respiratory Tract. In this part of the airway, 
amyloidosis presents in three clinicopathologic forms: 
tracheobronchial, diffuse parenchymal, and nodular- 
parenchymal.!3 The lower trachea and bronchi are 
less involved than is the subglottic trachea.!! Tra- 
cheobronchial involvement is more often diffuse 
rather than nodular and as a consequence has a poor 
prognosis, 


CLINICAL IMPLICATIONS AND MANAGEMENT 


Amyloidosis in any form is a slowly progressive 
lesion that does not respond to nonsurgical treat- 
ments. Abatement of the amyloid deposits may, 
however, follow control of the promoting and under- 
lying disease. 


As noted above, oral and sinonasal amyloidoses 
are usually but one manifestation of systemic dis- 
eases, pertinently plasma cell dyscrasias. On the 
other hand, laryngeal amyloidosis, as a presenting 
finding, is generally a localized process and is not 
associated with systemic diseases.! It is also note- 
worthy that systemic amyloidosis or a lymphopro- 
liferative disorder did not subsequently develop in 
any of the 22 patients with amyloidosis of the larynx 
in the Mayo Clinic series.! Nonetheless, even when 
the amyloid is apparently restricted to the larynx, 
serum and urine electrophoresis and immunoelectro- 
phoretic studies are recommended as parts of the 
clinical workup.! 


“Localized” can be a deceptive adjective when 
applied to organ-related amyloidosis. This is particu- 
larly true when the amyloid is present as a diffuse 
infiltration of subepithelial tissues of the airway. 
Lewis et al! indicate endoscopic removal of the 
amyloid is adequate in most cases, and it can be 
repeated. Fourteen of their 22 (64%) patients had 
persistent or recurrent upper respiratory tract amy- 
loidosis. Ten patients (45%) had multiple surgical 
procedures for local control. Only 1 of the patients 
died because of progressive (tracheobronchial) amy- 
loidosis. 
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OBITUARY 
BRUCE PROCTOR, 1914-1992 


Bruce Proctor, MD, died on May 22, 1992, of 
complications following a stroke. Born in Detroit, 
Michigan, on February 9, 1914, he spent most of his 
life in the area, attending the University of Detroit for 
1 year and the University of Michigan for 2 years, 
then going to medical school at the latter institution, 
from which he received his medical degree in 1936. 
He completed his residency at the University of 
Chicago in 1941. 


Bruce, as several physician friends have said, was 
truly *among the last of his kind." He bridged the gap 
between the preantibiotic and postantibiotic eras, 
between the all-sufficient physician of yesterday and 
the highly specialized one of today. In his earlier 
years, in private practice, he helped introduce 
laryngectomy to the Detroit area. Soon after World 
War II ended, he traveled with Dr Harold Schuknecht 
to Europe, spending several weeks with Drs Wullstein 
and Zollner, for the purpose of introducing tympano- 
plasty concepts in the United States. 


One of the few multitalented surgeons, he was 
equally adept at radical neck and acoustic neuroma 
surgery and hypophysectomy. He loved to explore 
foreign literature and wrote tympanoplasty reviews 
for many years. Although he enjoyed horticulture, 
farming, fishing, and hunting, his favorite hobby was 
anatomy. He wrote one of the first surgical anatomy 
books on otology for our specialty. 


Bruce could treat every conceivable otolaryn- 
gologic disorder by himself, aided by his unsurpassed 
knowledge of anatomy, often performing over 20 
surgical procedures in a single day. His familiarity 
with the world literature was also spectacular, and he 
could speak for hours on any medical subject. He was 
fascinated with world history and often amazed min- 
isters, rabbis, and priests with his vast knowledge of 
historical Christianity and Judaism. 


He especially enjoyed teaching and encouraging 
residents, spending many hours with them in the 
operating room and anatomy laboratory. He enjoyed 
traveling around the world, giving talks and present- 
ing courses in anatomy. 


Many of the great industrialists of the Midwest 
were his friends. Among these was Stanley Kresge, 
then president of the Kresge Foundation, started by 
his father, Sebastian Kresge. Between Bruce and Mr 
Kresge, the idea of a Hearing Institute was raised. 
Because there was already established an Eye Insti- 
tute in Detroit, Bruce approached Dr A. C. Fursten- 
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berg, then Dean of the University of Michigan Medi- 
cal School and Chairman of the Department of Oto- 
laryngology, about establishing an institute for hear- 
ing research at the University of Michigan with 
money from the Kresge Foundation. This was estab- 
lished in short order, so Bruce presented his ideas to 
Merle Lawrence, chairman of the building commit- 
tee and subsequently Director of the Kresge Hearing 
Research Institute. Bruce continued his interest in the 
Institute's programs and gave its activities his full 
support. Until his death Bruce was working on dis- 
criminating more details of the infratemporal fossa 
and round window niche. 


Like the old-fashioned country doctor, Bruce was 
not only an extremely well-rounded and dexterous 
physician, but a very loving and caring one. He is 
survived by his wife, two children, eight grandchil- 
dren, and 10 great-grandchildren. Two of them have 
followed in his footsteps: his son, Conrad A. Proctor, 
MD, and a grandson, Todd Proctor, MD, now a 
resident, both in otolaryngology. 


Bruce Proctor lived an exemplary Christian life 
and will be missed by his family, patients, friends, 
and colleagues. 


Conrad A. Proctor, MD 
Merle Lawrence, PhD 


LETTERS TO THE EDITOR 


To the Editor: 


Drs Brownlee and Shockley present an interesting paragangli- 
oma occurring “off the beaten track" (Thyroid Paraganglioma, 
Ann Otol Rhinol Laryngol 1992;101:293-9). This case was 
originally diagnosed as a thyroid medullary carcinoma. They 
correctly note that Lawson and Zak's! autopsy study reveals the 
inferior laryngeal paraganglia to be situated 1) on the inner 
surface of the cricoid, 2) on the outer cricoid surface, 3) embed- 
ded in the cricothyroid ligament, or 4) within the thyroid cap- 
sule.? The variable position of the inferior laryngeal paraganglia 
accounts for the variable presentation of the rare tumors that arise 
from them: 1) as purely subglottic tumors, 2) as dumbbell-shaped 
tumors with an intraluminal and a subthyroidal component,’ or 3) 
as entirely subthyroid tumors situated beneath the thyroid cap- 
sule. 


The authors, too, point out (in the third from last paragraph) 
that all of these tumors should be called "inferior laryngeal 
paragangliomas," which is a more accurate reflection of their 
origin. Therefore, entitling this article "Thyroid Paraganglioma" 
is misleading. The thyroid parenchyma has not been shown to 
have paraganglionic tissue. 


One further point: critical review of the alleged “25% malig- 
nancy rate" in laryngeal paragangliomas' reveals many of these 
cases to actually be neuroendocrine carcinoma.’ Therefore no 
comparison can be made between the “malignant potential" of 
superior versus inferior laryngeal paragangliomas. 
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Margie Brandwein, MD 
Departments of Pathology and 
Otolaryngology 

Mount Sinai School of Medicine 
One Gustave L. Levy Pl 

New York, NY 10029-6574 


To the Editor: 


Thank you for the opportunity to respond to Dr Brandwein's 
observations and comments. As stated in our paper (Ann Otol 
Rhinol Laryngol 1992;101:293-9), we believe that the presenta- 
tion of a paraganglioma is determined more by the anatomic 
location of the paraganglia from which it arises than by its 
“biologic behavior."! 

In reference to our title, "Thyroid Paraganglioma,” as mislead- 
ing, we discussed changing the title prior to submitting the 
manuscript for publication, but decided to leave it as it was. We 
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agree that it might cause some confusion, but our hope was that 
others searching for reports of what they consider to be thyroid 
paraganglioma would easily reference our article and its conclu- 
sions (ie, that these are actually inferior laryngeal paragangliomas). 


As to Dr Brandwein’s last point, concerning superior and 
inferior laryngeal paraganglioma, her concerns are certainly 
valid. In our discussion, we were suggesting possible differences 
that need to be examined as the number of reported cases of both 
increase. Although we reported that the incidence of malignancy 
in laryngeal paraganglioma “is as high as 25%,” we also pointed 
out that other authors “believe the incidence to be overesti- 
mated."^^ Dr Barnes's study? was not available to us at the time 
this paper was written. 


We agree that this is often a difficult diagnosis to make and that 
many reported malignant paragangliomas are misdiagnosed car- 
cinomas, as mentioned in our review and elsewhere.*** In gen- 
eral, laryngeal paragangliomas behave in a benign fashion, with 
little tendency to invade or metastasize. 


We thank Dr Brandwein for her interest and comments and 
look forward to reading her upcoming article. 


Richard E. Brownlee, MD 
Department of Otolaryngology~ 
Head and Neck Surgery 
University of Florida 
Gainesville, FL 32608 


William W. Shockley, MD 
Department of Otolaryngology- 
Head and Neck Surgery 
University of North Carolina 
Chapel Hill, NC 27599-7070 
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To the Editor: 


Regarding the paper “Rosai-Dorfman Disease Involving the 
Premaxilla” by Shemenet al (Ann Otol Rhinol Laryngol 1991;100: 
845-51), please be advised that I have recently been informed by 
Dr Bruce Wenig of the Armed Forces Institute of Pathology that 
our pathologist, Dr Toth, originally submitted the case to the 
AFIP prior to Dr Rosai and that Dr Wenig, in fact, first ascer- 
tained the correct diagnosis. His invaluable contribution should 
therefore be noted. 


Larry Shemen, MD 
233 E 69th St, Suite 1D 
New York, NY 10021 
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SUBMISSION 


Send manuscripts to Editor Brian F. McCabe, MD, 
Department of Otolaryngology-Head and Neck Sur- 
gery, The University of Iowa Hospitals and Clinics, 
Iowa City, IA 52242. Original manuscripts dealing 
with clinical and scientific aspects of otolaryngol- 
ogy, bronchoesophagology, head and neck medicine 
and surgery, maxillofacial and plastic surgery, audiol- 
ogy, speech pathology, and related specialties are 
considered for publication. All materials submitted 
for publication undergo peer review. 


Written permission from both senior author and pub- 
lisher must be provided to the Annals in order to 
republish materials copyrighted elsewhere. Submit 
this permission with the manuscript. 


Papers are scheduled for publication in chronologic 
order of acceptance. However, manuscripts received 
in improper form require longer production time, 
which may delay publication. Manuscripts are edited 
in accordance with the AMA Manual of Style, 8th 
edition (1989), and with the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals 
(Ann Intern Med 1988;108:258-65). 


MANUSCRIPT PREPARATION 


Limit papers to a size that will make up to no more 
than six printed pages, figuring three double-spaced 
typewritten pages of text to one typeset page; see the 
journal for estimating space required for references, 
illustrations, and tables. If a manuscript of greater 
length is accepted for publication by the Editor, all 
typeset pages over six are charged to the author at the 
publisher's cost of $150 per page. Submit an original 
and two copies of the manuscript, typed on white 
bond paper with margins of at least 25 mm (1 in), 
double-spaced throughout, including abstract, refer- 
ences, tables, and legends. Begin each component on 
a new page in the following sequence: title page, 
abstract, text, acknowledgments, references, tables, 
and legends. Number pages consecutively in the 
upper right corner, beginning with the title page. 


The author is responsible for all statements in the 
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paper, as approved by the author on the copyedited 
galley proofs. Alterations made by the author after 
the paper has been typeset are charged to the author. 


Use standard abbreviations given in Uniform Re- 
quirements. Express all measurements in metric terms; 
if original measurements were made in another sys- 
tem, include these parenthetically. Plot audiograms 
according to ISO standards. Use generic names when- 
ever possible. 


Title page must include 1) a concise but informative 
title, worded to facilitate indexing; 2) an abbreviat- 
ed form of the title to be used as a running head; 3) au- 
thors’ names (no more than seven authors) and no 
more than two academic degrees per author; 4) de- 
partment(s) and institution(s) to which the work is at- 
tributed, with authors' present affiliations, if differ- 
ent, separately noted; 5) statement of grant or other 
support; 6) name and address of author to whom re- 
print requests should be sent; and 7) name, address, 
andtelephone number of corresponding author. Manu- 
scripts that report animal research performed in the 
United States must carry the following statement on 
the title page: “This study was performed in accor- 
dance with the PHS Policy on Humane Care and Use 
of Laboratory Animals, the NIH Guide for the Care 
and Use of Laboratory Animals, and the Animal 
Welfare Act (7 U.S.C. et seq.); the animal use proto- 
col was approved by the Institutional Animal Care 
and Use Committee (IACUC) of Uni- 
versity (or institution)." 


Abstracts contain no more than 150 words and state 
the goal of the study, primary procedures, main 
findings, and principal conclusions. 


Key Words, chosen as far as possible from the Na- 
tional Library of Medicine Medical Subject Head- 
ings, are listed after the abstract. 


References are numbered consecutively in the order 
in which they are cited in the text. The author is 
charged $1.50 for each reference over 30. Use the 
style of references given in Uniform Requirements or 
a current issue of the Annals. Include the names of all 
authors and the inclusive page numbers of an article. 
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If a manuscript accepted but not yet published is 
included in the reference list, give the accepting 
journal's name, followed by “in press." Manuscripts 
still in review or not yet accepted formally are desig- 
nated in the text as "unpublished observations," ac- 
companied by a date (year). Personal communica- 
tions are also placed in the text with a date. Use 
primary references only. Papers presented at schol- 
arly meetings but not published are considered “un- 
published observations." Papers published only in 
abstract form are listed as references with “[Ab- 
stract]" after the title. 


Tables should be on separate sheets, numbered con- 
secutively and headed by a concise title. Put explana- 
tory matter in footnotes. Tables are adjuncts to the 
text and should not repeat material already presented. 
The cost of typesetting tables is billed to the author. 


Illustrations must be submitted in three complete 
sets, unmounted. Only professional-quality glossy 
photographs and black and white line drawings are 
acceptable. Computer-generated graphs are accept- 
able only if they are clear and will reproduce well. 
Letters, numbers, and symbols should be clear and of 
uniform size throughout, large enough that each item 
. is legible when reduced for publication. Put legends 
(detailed explanations) to the photographs on sepa- 
rate sheets. Affix a label on the reverse side of each 
illustration indicating figure number, authors' names, 
and top of the figure. For radiographs, photomicro- 
graphs, CT scans, etc, give indications for maximum 
cropping and labeling on an overlay or photocopy. 
Cite each figure in the text in consecutive order. 
Written permission from identifiable subjects is re- 
quired. The cost of preparing illustrations is charged 
to the author. Color illustrations are accepted; cost 
estimates for color separation and printing will be 
provided on an individual basis. 


SOFTWARE AND MANUSCRIPTS ON 
COMPUTER APPLICATIONS 


Programs must be compatible with an IBM or Macin- 
tosh computer, and the author must specify hardware 
and system requirements. The following operating 
systems will be supported: MS-DOS; MS-DOS with 
Windows; and MAC-OS. Submit the software on 


either a 3.5" or 5.25" disk. If the program is a tem- 
plate, submit also a runtime version of the source 
program. Software considered for review includes 
educational software, artificial intelligence software 
to aid in the diagnosis of otolaryngic disorders, soft- 
ware for logging operations, software to aid in re- 
search, and software that addresses specific problems 
in otolaryngology. Manuscripts reviewing computer 
applications designed for accomplishing a specific 
task and manuscripts with a problem/solution format 
relating directly to otolaryngology are also consid- 
ered. See Ann Otol Rhinol Laryngol 1991;100:876 
for specific instructions. 


SUPPLEMENTS 


A manuscript too long for inclusion in the Annals 
(over 12 typeset pages) may be published as a supple- 
ment if approved by the Editor. All costs are borne by 
the author and estimates are provided upon request. 
Supplements have the advantages of separate iden- 
tification and rapid publication, but undergo the same 


critical review as journal articles. 


REPRINTS 


Rates are quoted when galley proofs are sent to the 
author. Orders are signed by the author and returned 
with the proofs. 


COPYRIGHT 


Send the manuscript with the following statement 
signed by all authors: 1) "This paper has not been 
published or submitted for publication elsewhere, 
other than as stated in a separate letter to the Editor." 
2) [For papers with more than one author] "I have 
contributed substantively to the development of the 
content of this paper and have agreed to have my 
name listed as an author in the final, revised version." 
3) "In consideration of the Annals of Otology, Rhi- 
nology & Laryngology taking action in reviewing 
and editing my (our) submission, I hereby transfer, 
assign, or otherwise convey all copyright ownership 
to the Annals Publishing Company in the event such 
work is published in the Annals of Otology, Rhinology 
& Laryngology." 
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| V are proud to introduce a new gen- 


eration of Functional Endoscopic Sinus 
Surgery (FES) instrumentation for pediatric 
sinus surgery, and additional new instru- 
ments for adult sinus surgery. 

By working closely with leading 
surgeons in the field, Karl Storz is able to 


Concha bullosa on left side 
bulging into lateral nasal wall. 
Entrance to middle meatus blocked 
and a polyp is arising from the 
contact area.” 





*phboto by Professor H. Stammberger 


anticipate and meet the needs of FES surgeons we too have expanded our product line. We 
with the finest endoscopic equipment available in offer a wide variety of endoscopes, forceps, 
| J the world. Karl Storz has curettes, and suction tubes to meet all of your 
m- — —————— played a major role in the endoscopic needs. 
^ — | rapidly growing field of FES surgeons at all levels of experience 
Actual stzá FES. From the beginning, Will find the extensive educational resources 
l j we facilitated diagnosis and of Karl Storz to be of tremendous benefit. Take 
— Y | procedures in the narrow advantage of numerous reprints, videotapes, 
passages of the sinuses with books, and sponsored courses. And our pro- 
mmi specially designed endoscopic fessional representatives are a resource 
i instrumentation manufac- unmatched by any other company in this area. 
aia. tured and modified for the No other company offers you the diag- 
Messerklinger technique. nostic, documentation, and operative options 


With the expanding possibilities of FES surgery, of Karl Storz. 
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Telefax: 49 7461 708105, Cable: Endoskopie * Karl Storz Endoscopy-America, Inc., 10111 W. Jefferson Boulevard, Culver City, CA 


90232-3578, Phone: 213 558 1500, Toll Free: 800 421 0837, Telefax: 213 280 2504 « Karl Storz, Endoscopia Latino America, Inc., 815 $ | OR? 
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Ergonomic Design 

The GSI 37 was designed for operator 
comfort. It balances in your hand almost 
weightlessly. The easy-to-read test display 
shows both a tympanogram and numeric 
values. The control buttons are ideally 
placed for error-free, fatigue-free testing 
all day long. Supportive personnel can 
obtain reliable results in a second. 


Subject Comfort 

The probe head angle allows the user to 
obtain a seal quickly and easily with no 
patient/subject discomfort. Plus, the 
probe's two-ear memory allows you to test 
both ears without having to print or erase 
results between tests. 


Office Flexibility 

The accompanying printer/charger stand 
stores the probe and automatically keeps 

its battery charged. The printout feature 

allows vou to obtain results for the 


subject's file, and an optional wall 
bracket saves valuable counter space. 
For even greater portability, an optional 
carrying case is available. 


Affordable Price 

Your GSI 37 Auto Tymp comes complete 
with everything you need for a good 
tympanometry screening program. 
Professional appearance and Lucas GSI 
quality at an affordable price! 


For more information on the Auto Tymp 
of the 90's return this coupon or call/fax 
Lucas GSI today. 


Lucas GSI 





Lucas Grason-Stadler, Inc. 
537 Great Road 


P.O. Box 1400 
l ittlatan MA n146n 


Tel: (508) 486-3514 
Fax: (508) 486-8059 


TINY: 710.247.6000 


The GSI 37...Auto Tymp of the 90's 


The GSI 37 Auto Tymp’s 
cordless probe is the 
"heart" of the instrument. 
It contains everything 
necessary to perform 
accurate tympanometry in 
an office, clinic or school. 


LJ] Please send more information on the GSI 37. 


-J Please arrange a demonstration. 


Name 
Company 


Address 





State Zip 


Phone 





Return this coupon to: 
Lucas Grason-Stadler, Inc. 
Dept. L, 537 Great Road e P.O. Box 1400 e Littleton, MA 01460 
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Send manuscripts to Editor Brian F. McCabe, MD, 

Department of Otolaryngology—Head and Neck Sur- 
gery, The University of Iowa Hospitals and Clinics, 
Iowa City, IÀ 52242. Original manuscripts dealing 
with clinical and scientific aspects of otolaryngol- 
ogy, bronchoesophagology, head and neck medicine 
and surgery, maxillofacial and plastic surgery, audiol- 
ogy, speech pathology, and related specialties are 
considered for publication. All materials submitted 
for publication undergo peer review. 


Written permission from both senior author and pub- 
lisher must be provided to the Annals in order to 
republish materials copyrighted elsewhere. Submit 
this permission with the manuscript. 


Papers are scheduled for publication in chronologic 
order of acceptance. However, manuscripts received 
in improper form require longer production time, 
which may delay publication. Manuscripts are edited 
in accordance with the AMA Manual of Style, 8th 
edition (1989), and with the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals 
(Ann Intern Med 1988;108:258-65). 





Limit papers to a size that will make up to no more 
than six printed pages, figuring three double-spaced 
typewritten pages of text to one typeset page; see the 
journal for estimating space required for references, 
illustrations, and tables. If a manuscript of greater 
length is accepted for publication by the Editor, all 
. typeset pages over six are charged to the author at the 
publisher's cost of $150 per page. Submit an original 
and two copies of the manuscript, typed on white 
bond paper with margins of at least 25 mm (1 in), 
double-spaced throughout, including abstract, refer- 
ences, tables, and legends. Begin each component on 
a new page in the following sequence: title page, 
abstract, text, acknowledgments, references, tables, 
and legends. Number pages consecutively in the 
upper right corner, beginning with the title page. 


The author is responsible for all statements in the 


paper, as approved by the author on the copyedited 
galley proofs. Alterations made by the author after 
the paper has been typeset are charged to the author. 


Use standard abbreviations given in Uniform Re- 
quirements. Express all measurements in metric terms; 
if original measurements were made in another sys- 
tem, include these parenthetically. Plot audiograms 
according to ISO standards. Use generic names when- 
ever possible. 


[Title page must include 1) a concise but informative 

title, worded to facilitate indexing; 2) an abbreviat- 
ed form of the title to be used as arunning head; 3) au- 
thors’ names (no more than seven authors) and no 
more than two academic degrees per author; 4) de- 
partment(s) and institution(s) to which the work is at- 
tributed, with authors' present affiliations, if differ- 
ent, separately noted; 5) statement of grant or other 
support; 6) name and address of author to whom re- 
print requests should be sent; and 7) name, address, 
andtelephone number of corresponding author. Manu- 
scripts that report animal research performed in the 
United States must carry the following statement on 
the title page: "This study was performed in accor- 
dance with the PHS Policy on Humane Care and Use 
of Laboratory Animals, the NIH Guide for the Care 
and Use of Laboratory Animals, and the Animal 
Welfare Act (7 U.S.C. et seq.); the animal use proto- 
col was approved by the Institutional Animal Care 
and Use Committee (IACUC) of Uni- 
versity (or institution)." 





Abstracts, contain no more than 150 words and state 
the goal of the study, primary procedures, main 
findings, and principal conclusions. 


Key Words, chosen as far as possible from the Na- 
tional Library of Medicine Medical Subject Head- 
ings, are listed after the abstract. 









‘References are numbered consecutively in the order 
in which they are cited in the text. The author is 
charged $1.50 for each reference over 30. Use the 
style of references given in Uniform Requirements or 
a current issue of the Annals. Include the names of all 
authors and the inclusive page numbers of an article. 
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If a manuscript accepted but not yet published is 
included in the reference list, give the accepting 
journal’s name, followed by “in press." Manuscripts 
still in review or not yet accepted formally are desig- 
nated in the text as "unpublished observations," ac- 
companied by a date (year). Personal communica- 
tions are also placed in the text with a date. Use 
primary references only. Papers presented at schol- 
arly meetings but not published are considered “un- 
published observations." Papers published only in 
abstract form are listed as references with “[Ab- 
stract]" after the title. 


Tables should be on separate sheets, numbered con- 
secutively and headed by a concise title. Put explana- 
tory matter in footnotes. Tables are adjuncts to the 
text and should not repeat material already presented. 
The cost of typesetting tables is billed to the author. 


Illustrations must be submitted in three complete 
sets, unmounted. Only professional-quality glossy 
photographs and black and white line drawings are 
acceptable. Computer-generated graphs are accept- 
able only if they are clear and will reproduce well. 
Letters, numbers, and symbols should be clear and of 
uniform size throughout, large enough that each item 
is legible when reduced for publication. Put legends 
(detailed explanations) to the photographs on sepa- 
rate sheets. Affix a label on the reverse side of each 
illustration indicating figure number, authors’ names, 
and top of the figure. For radiographs, photomicro- 
graphs, CT scans, etc, give indications for maximum 
cropping and labeling on an overlay or photocopy. 
Cite each figure in the text in consecutive order. 
Written permission from identifiable subjects is re- 
quired. The cost of preparing illustrations is charged 
to the author. Color illustrations are accepted; cost 
estimates for color separation and printing will be 
provided on an individual basis. 


SOFTWARE AND MANUSCRIPTS ON 
COMPUTER APPLICATIONS 


Programs must be compatible with an IBM or Macin- 
tosh computer, and the author must specify hardware 
and system requirements. The following operating 
systems will be supported: MS-DOS; MS-DOS with 
Windows; and MAC-OS. Submit the software on 


either a 3.5" or 5.25" disk. If the program is a tem- 
plate, submit also a runtime version of the source 
program. Software considered for review includes 
educational software, artificial intelligence software 
to aid in the diagnosis of otolaryngic disorders, soft- 
ware for logging operations, software to aid in re- 
search, and software that addresses specific problems 
in otolaryngology. Manuscripts reviewing computer 
applications designed for accomplishing a specific 
task and manuscripts with a problem/solution format 
relating directly to otolaryngology are also consid- 
ered. See Ann Otol Rhinol Laryngol 1991;100:876 
for specific instructions. 


SUPPLEMENTS 


A manuscript too long for inclusion in the Annals 
(over 12 typeset pages) may be published as a supple- 
ment if approved by the Editor. All costs are borne by 
the author and estimates are provided upon request. 
Supplements have the advantages of separate iden- 
tification and rapid publication, butundergo the same 
critical review as journal articles. 


REPRINTS — 


Rates are quoted when galley proofs are sent to the 
author. Orders are signed by the author and returned 
with the proofs. 


Send the manuscript with the following statement 
signed by all authors: 1) “This paper has not been 
published or submitted for publication elsewhere, 
other than as stated in a separate letter to the Editor." 
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POINT-TOUCH TECHNIQUE OF BOTULINUM TOXIN INJECTION 
FOR THE TREATMENT OF SPASMODIC DYSPHONIA 


DAVID C. GREEN, MD 
SEATTLE, WASHINGTON 
PAUL H. WARD, MD 
Los ANGELES, CALIFORNIA 


GERALD S. BERKE, MD 
Los ANGELES, CALIFORNIA 
BRUCE R. GERRATT, PHD 
Los ANGELES, CALIFORNIA 


Intralaryngeal injections of botulinum toxin (Botox), under electromyographic guidance, have emerged as an effective treatment 
for adductor spasmodic dysphonia. To remain effective, these injections must be repeated every 3 to 9 months as the symptoms recur. 
One drawback to the current method is the need for electromyographic confirmation of needle placement into the thyroarytenoid muscle. 
This report describes an anatomic approach to Botox injection that requires only flexible nasopharyngeal endoscopy and careful eval- 
uation of the anatomic landmarks. This technique has been used successfully on 13 patients, and objective pretreatment and posttreat- 


ment measures are reported. 


KEY WORDS — botulinum injection, laryngeal dystonia, spastic dysphonia. 


INTRODUCTION 


Spasmodic dysphonia is a serious voice disorder 
characterized by a strained or strangled voice, and it 
often interrupts the fluency of continuous speech. 
Since the first description of the disorder by Traube! 
in 1871, its exact cause and treatment have been the 
subject of controversy. 


In the past, this disorder was thought to reflect psy- 
chiatric problems. More recently, Blitzer et al? found 
through clinical and electromyography (EMG) evalu- 
ation that many patients with “spastic dysphonia” 
actually have a dystonia. Dystonia is a neurologic 
disorder of motor control processing characterized 
by abnormal, often action-induced, involuntary move- 
ments or uncontrolled spasms. The cause is usually 
idiopathic. The dystonia may be restricted to the 
larynx or present in other areas of the body as well, 
such as blepharospasm.” 


There are a variety of treatments for adductor spas- 
tic dysphonia, which include speech therapy, psycho- 
therapy, biofeedback, systemic medicine, nerve sec- 
tion, botulinum toxin (Botox) injection, and thyro- 
plasty. Dedo? was the first to describe recurrent la- 
ryngeal nerve section as a treatment for spastic dys- 
phonia. The aim was to achieve a voice that was 
slightly breathy but easier to produce. After a 3-year 
follow-up, his group* reported a 10% to 15% recur- 
rence rate according to patient self-evaluations. 
Aronson and DeSanto? reported an initial success 
rate of 97% at 6 months for recurrent laryngeal nerve 


section. This success rate fell to 36% at 3 years’ 
follow-up. The failures showed gradual hyperadduc- 
tion of the intact vocal fold against the paralyzed fold. 
This was thought to be due to a worsening of the 
patient’s underlying neurologic condition. 


Biller et alô reported, in 1979, crushing the recur- 
rent laryngeal nerve as a treatment for spastic dys- 
phonia. Although all patients had initial improve- 
ment, only 13% were improved at 3 years’ follow- 


up.’ 


Blitzer et al9? reported the first series of patients 
with focal laryngeal dystonia to be treated with local 
vocal fold injection of Botox. This toxin acts presyn- 
aptically at nerve terminals to prevent calcium-de- 
pendent release of acetylcholine, which results in 
muscle paralysis. There were five patients in their 
series, and all, within 2 to 3 days, experienced benefit 
that lasted 3 to 6 months. Although the authors 
initially injected only one vocal fold, they now per- 
form bilateral injections. There were no systemic side 
effects from the injections, but they state that the 
long-term systemic or local laryngeal effects are 
unknown. 


Using EMG, Ludlow et all? studied patients with 
adductor spastic dysphonia who failed unilateral re- 
current laryngeal nerve section. They found that 
some of the failures were due, at least in part, to 
reinnervation of the thyroarytenoid muscle by the 
previously sectioned recurrent laryngeal nerve, and 
that compensation by the nonoperated side may have 
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played a role in others.!? They treated these patients 
successfully with Botox injections. 


Initial reports of Botox injections of the true vocal 
fold have relied on EMG localization of the thyro- 
arytenoid muscle for injection. Recently, Ford et al!! 
described an indirect laryngoscopic approach to Botox 
injection in which all patients studied demonstrated 
objective improvement after injection. 


The technique for transcutaneous injection of the 
. vocal fold was first described in connection with 
Teflon injections as a treatment for unilateral vocal 
fold paralysis.!? Ward et al! described insertion of a 
needle through the cricothyroid membrane into the 
subglottic space with monitoring of the actual fold in- 
jection through a fiberoptic nasopharyngoscope or a 
Hopkins rod laryngoscope. Hirano et al!^ described a 
transcutaneous vocal fold injection technique in which 
the needle is inserted through the cricothyroid mem- 
brane directly into the edge of the vocal fold. 


This report describes a relatively safe and accurate 
transcutaneous method of Botox injection that re- 
quires only flexible nasopharyngeal endoscopy. 


METHODS AND SUBJECTS 


Injection Technique. The patient was seated in an 
examination chair. Palpation of the neck was used to 
mark the outline of the thyroid and cricoid cartilage 
on theanterior neck skin with a surgical marking pen. 


The nose and pharynx were topically anesthetized 
with lidocaine 2% spray. A flexible nasopharyngo- 
scope (Olympus, Los Angeles, Calif) was passed 
through the nose into the hypopharynx to visualize 
the true vocal folds. The fiberscopic laryngeal image 
was viewed on a television screen and recorded on 
videotape. 


Location and direction of needle 
placement for transcutaneous in- 
jection of botulinum toxin into 
ipsilateral thyroarytenoid muscle. 
A) Through thyroid cartilage. B) 
Through cricothyroid membrane. 


The cutaneous needle injection site was prepared 
with alcohol. The injection was given with a 2-mL 
syringe and a 1.5-in 27-gauge needle. The injected 
material was botulinum A toxin (Oculinum Inc, 
Berkeley, Calif) that was supplied as a freeze-dried 
residue of the toxin ata concentration of 50 ng per vial 
(140 U). The freeze-dried toxin was stored at -20°C 
and reconstituted with 0.946 saline at a concentration 
of 25 U/mL and used immediately. 


The injection was given through the thyroid carti- 
lage into the ipsilateral thyroarytenoid muscle unless 
the cartilage was ossified (see Figure, A). The needle 
was oriented at 90? to the skin ofthe neck and directed 
posteriorly in the sagittal plane. From the previously 
marked outline of the thyroid cartilage the approxi- 
mate location of the anterior commissure of the vocal 
folds was estimated as midway between the thyroid 
notch and the bottom edge of the thyroid cartilage, in 
the midline.!5 The needle was placed 5 mm lateral 
and 5 mm inferior to this point. No previous or 
concurrent injections of local anesthetic were re- 
quired, The accuracy of needle placement is assured 
by pointing the needle, on the basis of anatomic 
landmarks, into the ipsilateral thyroarytenoid muscle. 
The correct depth of needle penetration is judged by 
sensing the depth at which the needle passes through 
the thyroid cartilage to permit easy injection of toxin. 
While the needle is within the cartilage, injection 
pressures are high because of the density of the 
cartilage matrix. With further penetration, the injec- 
tion pressure becomes low as the needle enters the 
thyroarytenoid muscle. We have termed this method 
thepoint-touch technique. Adequate needle position- 
ing is confirmed through the flexible nasopharyngo- 
scope before injection. Initially, 5 U of toxin was 
injected bilaterally by the point-touch technique. 
However, 2 U is routinely given now in order to 


Green et al, Point-Touch Technique of Botulinum Toxin Injection 885 
INITIAL 13 PATIENTS TREATED BY PERCUTANEOUS BOTOX INJECTION USING POINT-TOUCH OR 
CRICOTHYROID TECHNIQUE 
Pre/Post 
Length Previous Glottic 
0 Injection Dose Vocal Response Resistance Pre/Post 
Patient Symptoms or and Fold Time (cm H20 per . Jitter Adverse 
No. (y) Surgery Technique Motion (mo) liter per second) (%) Reactions 
1 2 5 U bilat PT Normal 3 60/43 
2 7 5 U bilat PT Bowing 5 69/32 3 PD for 
W 
3 7 4 U bilat PT Normal 3 80/42 2 
4 6 Botox 2 U bilat PT Bowing 4 63/28 rena, for 
W 
5 7 15UCT L fold 5 76/42 1 Breathy for 
paresis 4 wk 
6 10 R RLN 4 U R fold, no L fold 6 75/37 
section response; 2 U normal 
L fold, PT 1 
wk later 
7 5 2 U bilat PT Normal 5 83/42 Bay for 
w 
8 6 2 U bilat PT Normal 6 90/50 2 wk before 
improvement 
9 5 Botox 2 U bilat PT Normal 5 
10 6 Botox 1 U bilat PT Normal 2 
11 5 2 U bilat PT Normal 5 72/40 4 
12 10 15ULÍfoldCT L fold 4 70/— 
paralysis 
13 10 2 U bilat PT Bowing 4 84/40 pra for 
Ww 


RLN —~ recurrent laryngeal nerve, PT — point-touch trans-thyroid cartilage technique, CT — cricothyroid membrane technique. 


reduce the incidence of vocal fold bowing and 
breathiness. 


If the thyroid cartilage could not be penetrated with 
the needle because of ossification, the injection was 
performed through the cricothyroid membrane (see 
Figure, B). In this case, the needle was placed just 
under the edge of the thyroid cartilage, approxi- 
mately 1.5 cm from the midline, and directed superi- 
orly, medially, and posteriorly. The proper depth of 
penetration and accuracy of needle placement into 
the ipsilateral thyroarytenoid muscle were monitored 
through the flexible nasopharyngoscope. Patients 
undergoing transcutaneous cricothyroid injection 
routinely receive 15 U into one vocal fold. 


Subjects and Evaluation of Vocal Function. Dur- 
ing the period April 1990 to October 1991, a total of 
13 patients (5 men and 8 women) with a diagnosis of 
adductor spasmodic dysphonia underwent transcuta- 
neous intrafold injection. The Table describes these 
13 patients. The length of symptoms varied from 2 
years to 10 years. Three of the 13 patients had 
undergone previous Botox injection with EMG con- 
trol. One patient had previously undergone a right 
recurrent laryngeal nerve section. The usual dose for 
most patients was 2 U. Three patients developed 
vocal fold bowing after injection, and 2 patients after 
cricothyroid injection developed a fold paresis or 


paralysis. 


Each patient was evaluated by an otolaryngologist 
and a speech pathologist. Ten of the 13 patients had 
previously seen a neurologist. Their ages ranged 
from 32 to 74 years with a mean of 50 years. Eleven 
of 13 patients underwent preinjection vocal function 
evaluation consisting of laryngostroboscopy, acous- 
tic analysis of sustained phonation, and laryngeal 
resistance estimation. In addition, a 1-minute speech 
monologue was recorded. Of these 13 patients, 4 had 
acoustic measurements both before and after Botox 
injection, consisting of jitter of the vowel /a/. Ten of 
the 13 patients underwent both preinjection and 
postinjection evaluation of laryngeal resistance by 
the technique described by Smitheran and Hixon!$ 
with a modification: to reduce the chance that quick 
fluctuations in phonation influenced the results, we 
averaged the amplitude of the airflow signal over the 
steady-state, vocalic portion of the syllables, rather 
than measuring the amplitude of one point in the 
middle of the syllable. 


For stroboscopic imaging of the larynx, a Bruel & 
Kjaer laryngostrobe unit (model 4914, Orange, Cal- 
if) was used. The stroboscope was connected to a 
Wolf 90° telescope via a fluid-filled light cable. The 
image was detected by a Toshiba CCD (charge- 
coupled device) video camera (Toshiba IK-C30A, 
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Buffalo Grove, Ill) and a Sony U-matic videocassette 
recorder (Sony, VO-9850, Teaneck, NJ). 


RESULTS 


Videostroboscopy and Jitter. The preinjection 
analysis of all 13 patients with adductor spasmodic 
dysphonia demonstrated complete glottic closure with 
episodes of glottic spasm and supraglottic overclosure 
during phonation. The true vocal folds had full sym- 
metric abduction and adduction. All patients demon- 
strated frequent, intermittent periods of strained vo- 
cal quality with occasional episodes of aphonia inter- 
rupting speech fluency. 


Response to the injection lasted from 2 months to 
6 months. Perceptually, all 13 patients had an in- 
crease in speech fluency and were pleased with the 
result. Moreover, they have all returned for subse- 
quent injections. The Table presents subject informa- 
tion and results after injection. Our findings indicate 
the 95% confidence interval of vocal tract resistance 
is 37 to 51 cm H20 per liter per second for normally 
speaking men and 41 to 57 cm H20 per liter per 
second for normally speaking women. (See similar 
normative results reported by Netsell et a1.17) Al- 
though normative values for laryngeal resistance 
varied with sex and age, 10 of the 11 patients evalu- 
ated for laryngeal resistance demonstrated elevated 
laryngeal resistance before injection. Nine of these 
10 subjects returned to the normal range 4 weeks after 
injection. The Table also compares the preinjection 
and postinjection percent jitter for 4 of the 13 injected 
patients. Three of the 4 patients had a decrease in jitter 
after injection. The one patient with an increase in 
jitter qualitatively demonstrated a breathy voice, al- 
though with increased fluency in continuous speech. 
The mean preinjection jitter for these 4 patients was 
2.08%, compared to the postinjection value of 0.682%. 
There were no patients in this group with a posterior 
glottic chink leak during phonation after injection. 


Complications. There were no airway complica- 
tions or infectious complications from this method, 
All patients, immediately after injection, had a mild 
degree of true vocal fold edema that resolved. There 
were no cases of postinjection aspiration. The major 
adversereaction included breathiness, lasting a maxi- 
mum of 4 weeks in 5 of the 13 patients. One patient 
noted improvement 2 weeks after the injection, rather 
than the typical 36 hours. 


DISCUSSION 


The Botox injections paralyze the thyroarytenoid 
muscle by blocking the release of acetylcholine from 
the presynaptic nerve terminals of the recurrent laryn- 


geal nerve. Using a canine model of laryngeal hyper- 
adduction, Green and Berke!® have shown that hyper- 
adduction can be reduced through selective thyroary- 
tenoid muscle paralysis alone. The unilateral absence 
of thyroarytenoid contraction (despite a vocal fold in 
the adducted position) allowed the intraglottic and 
subglottic pressures to fall during phonation. 


During their initial experience, Miller et all? de- 
scribed two patients with unilateral vocal fold adduc- 
tor paralysis after Botox injection of 20 and 30 U. 
This was thought to be due to migration of the toxin 
to the lateral cricoarytenoid muscle. The posterior 
cricoarytenoid muscle was not affected. Brin et al? 
noticed sluggish vocal fold motion with injection 
doses of 7.5 U. They were able to achieve selective 
thyroarytenoid muscle paralysis and reduce the de- 
gree of overall fold paralysis by injecting both folds 
with a reduced dose of 3.75 U. The point-touch 
technique presented in this report was also able to 
achieve selective thyroarytenoid muscle paralysis 
bilaterally with preservation of vocal fold adduction 
and abduction. It should be noticed that the three 
patients who had previously undergone Botox injec- 
tion using EMG-guided injection underwent injec- 
tion of the same number of units using the point-touch 
technique with the same effective response. 


This study found subjective perceptual improve- 
ments in speech fluency in all patients after injection. 
Also, all patients evaluated before and after injection 
in this study showed improvement in laryngeal resis- 
tance with this technique. In one patient, the improve- 
ment in fluency was not accompanied by a decrease 
in jitter because of an increase in the breathiness of 
the patient’s phonation after injection. This patient 
was pleased with the result despite the increase in 
jitter. This problem emphasizes the need to examine 
a wide variety of speech variables, including mea- 
sures of continuous speech and pitch breaks, to more 
fully document patients’ speech. 


The optimal treatment for spasmodic dysphonia, 
like its fundamental cause, has yet to be found. Until 
more is known about the disorder, treatments will 
continue to be directed at the laryngeal symptoms it 
produces. Although Botox injections do improve the 
patient's ability to phonate, the improvement is not 
permanent. Reinjection 1s required every 3 to 6 months. 


The advantages of the transcutaneous injection of 
Botox are as follows. 


1. No EMG equipment or EMG technician is re- 
quired. 


2. The working distance is shorter than the transoral 
route. 
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3. Patients with a sensitive gag reflex or difficulty 
with full mouth opening can be injected. 


The disadvantages are as follows: 


1. The procedure requires a flexible nasopharyngo- 
scope. 


2. A second person is required to hold the nasopha- 
ryngoscope during injection. 


3. In obese patients the external laryngeal land- 
marks may be difficult to locate. 


4. Successful placement of the needle requires a 
working knowledge of the intralaryngeal position 
of the thyroarytenoid muscle as discerned from 


external laryngeal landmarks. 


Efforts have been made to obtain permanent selec- 
tive bilateral paralysis of the thyroarytenoid muscle 
surgically. Carpenter et al?! divided the adductor 
branch of the recurrent laryngeal nerve in dogs and 
humans. This procedure was able to preserve the 
abductor movement of the vocal fold, but eliminated 
the adductor movement, as well as thyroarytenoid 
muscle contraction. This operation holds out the 
promise of a permanent selective denervation of the 
thyroarytenoid muscle. In the interim, the point- 
touch technique of Botox injection will allow pa- 
tients with spasmodic dysphonia to be effectively 
treated by otolaryngologists within their own com- 
munities. 
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Spasmodic dysphonia has been successfully treated by thyroarytenoid muscle injections of botulinum toxin (Botox) with dosages 
ranging from 0.625 to 25 U. In some patients, excessive paralysis with resulting breathiness and aspiration have been noted. In order to 
maximize the efficiency of Botox injections, the histologic effects of various Botox dosages were examined in the dog. Nine canine 
thyroarytenoid muscles were injected with 0.5 to 12.5 U of Botox. After 24 hours, the recurrent laryngeal nerve to the injected muscle 
was electrically stimulated in order to deplete the glycogen within the muscle fibers. Frozen sections of this muscle were then stained 
for glycogen. Those fibers that retained their glycogen were presumed paralyzed by the Botox injection. The extent of paralysis was found 
to be dose-related from 1.0 to 7.5 U. At 10 U and above the muscle was completely paralyzed. Spread of the toxin to the lateral 
cricoarytenoid muscle was seen at doses as low as 1.0 U. Clearly, doses less than 10 U appear sufficient for clinical paralysis. 


KEY WORDS — botulinum toxin, injection, mapping. 
INTRODUCTION 


Spasmodic dysphonia has been characterized as a 
disorder of central motor processing. Two main types 
have been described: the adductor type, character- 
ized by involuntary paroxysmal spasms of the vocal 
cords leading to strained-strangled phonation, and 
the abductor type, characterized by intermittent 
hyperabduction of the vocal cords leading to a whis- 
pered voice.! Therapies such as systemic pharma- 
cologic agents, hypnosis, and speech therapy have al] 
proven ineffective in the treatment of spasmodic 
dysphonia. However, one innovative treatment of the 
adductor type was initially adopted. It involved uni- 
lateral sectioning of the recurrent laryngeal nerve in 
anattemptto relieve the spasms and facilitate speech? 
This method has fallen into disfavor, however, be- 
cause in many cases symptoms returned. In fact, 
some patients had more severe symptoms, presum- 
ably due to hyperfunction of the nonparalyzed vocal 
cord.?4 


Recently, botulinum toxin (Botox) has emerged as 
the most effective method of treatment for spasmodic 
dysphonia. Since Scott? introduced Botox for the 
treatment of strabismus in 1981, chemical denerva- 
tion with Botox has been applied to treat a wide range 
of dystonias, including torticollis,$? blepharospasm,? 
hemifacial spasm,?!° detrusor-sphincter dyssyner- 
gia,!! hand dystonia,!2 oromandibular and lingual 


dystonia,P? sixth nerve palsy,14 anismus,!5 and, more 
recently, cerebral palsy!® and stuttering.! 


Botox binds to receptors on the presynaptic termi- 
nal. Once there, it inhibits the release of acetylcho- 
line, thereby functionally denervating the muscle. In 
fact, the chemical denervation caused by Botox 
mimics the physiologic events that take place follow- 
ing axotomy, including atrophy, the appearance of 
extrajunctional acetylcholine receptors, and the 
maintenance of end plate potentials.!® 


Currently, most clinical therapy involves placing a 
hollow bore electromyography needle through the 
cricothyroid membrane into the thyroarytenoid 
(TA) muscle. Either low doses (0.625 to 2.5 U) of the 
toxin are injected into both vocal cords! or higher 
doses (15 to 25 U) are injected into a single vocal 
cord.? With percutaneous injections, placement of 
the injection is determined by electromyographic 
guidance. The site for injection is chosen by the 
presence of potentials evoked when the patient pho- 
nates or performs the Valsalva maneuver.!? Although 
this ensures that the needle is somewhere in the TA 
muscle, there is no way of knowing where the needle 
is along the length of the muscle. Recently some 
investigators have used a peroral injection technique 
that allows visualization of the needle by indirect 
laryngoscopy.292! Theoretically, this technique al- 
lows more accurate placement of the Botox. Both the 
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Fig 1. Schematic of orientation and components of 
thyroarytenoid muscle (TA) sections. M — mucosa, V — 
ventricle, FVC — false vocal cord, VM — vocal cord 
mucosa, LCA —- lateral cricoarytenoid muscle, CC — 
cricoid cartilage. 


percutaneous and peroral techniques can result in 
excessive weakness of the adductor muscles. This is 
manifested by breathiness and aspiration.!? In addi- 
tion, antibody formation has been reported at high 
doses of Botox. 


Many clinical trials have made qualitative deter- 
minations of the toxin's efficacy, but there has been 
little work done on the quantitative effect of the toxin. 
Clinicians have essentially taken a trial and error 
approach, and have been titrating the toxin to achieve 
the desired effects. Hence, the length of the toxin's 
effect and the reproducibility of the results vary. The 
purpose of this experiment was to apply a new tech- 
nique that quantitates the effect of Botox. 


Prolonged electrical stimulation of a nerve to a 
muscle simulates mechanical exercise, and results in 


Fig 2. Controls. A) This section has been 
stained for glycogen without having been 
subjected to electrical stimulation or botuli- 
num injection. Note homogeneous dark stain- 
ing of thyroarytenoid muscle and lateral 
cricoarytenoid muscle. B) This specimen 
has been electrically stimulated prior to un- 
dergoing staining for glycogen. Note that all 
muscle fibers are homogeneously pale. 


glycogen depletion of that muscle's individual fi- 
bers. Glycogen depletion thus provides a marker of 
muscle fatigue. Our preliminary studies on the rat 
tibialis anterior muscle2? demonstrated this phenom- 
enon. We injected the toxin into the tibialis anterior 
and stimulated the common peroneal nerve. The 
muscle was then stained for glycogen by using peri- 
odic acid-Schiff reagent (PAS). As expected, the 
glycogen of muscle fibers not exposed to Botox was 
depleted by stimulation, and therefore did not stain 
with PAS. Conversely, those fibers with end plates 
chemically denervated by Botox were heavily stained 
by PAS. Because the area of paralysis was equivalent 
to the spread of the toxin, it was possible to quantitate 
the effects of Botox by measuring the area of glyco- 
gen retention with a computerized digitized tablet. 
The tibialis muscle was chosen because of its easy 
surgical accessibility and the predominance of type 2 
(fast twitch) fibers, which are also found in the TA 
muscle of the human vocal cord. In short, by measur- 
ing the area of glycogen retained after exposure to the 
toxin, we were able to map the area of effective toxin 
action, and with microscopic study had a simple yet 
precise way to quantitate the pharmacologic action of 
the toxin. 


We chose to apply our technique to the dog TA 
muscle because it more closely parallels the clinical 
application forthe treatment of spasmodic dysphonia. 
Our technique only provides a two-dimensional rep- 
resentation of the toxin's kinetics. It is also possible 
that artifact was introduced by histologic preparation 
somehow, leading to an underestimation of the pa- 
ralysis that would be seen in the human TA muscle at 
comparable doses. By using the dog TA muscle as a 
model, we hoped to provide information that will 
enable Botox to be used more efficiently at lower 
doses and with fewer complications, and perhaps 
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make it possible to increase the length of time be- 
tween injections. 


MATERIALS AND METHODS 


Twelve mongrel dogs, each weighing approxi- 
mately 18 to 22 kg, were used. All dogs were anesthe- 
tized with 65 mg/kg of phenobarbital and placed 
supine with a speculum inserted into the mouth. The 
vocal cords were visualized directly by using a 
fiberoptic light source. The lyophilized toxin (Oculi- 
num) was stored at -20°C and was reconstituted with 
0.9% saline prior to use. 


Two separate operations were performed over a 
24-hour period. In the first, either a 25- or 250-uL 
syringe (Hamilton Co) was used to inject the toxin 
directly into the TA muscle via the oropharynx. The 
injection was made 1.5 mm deep (until the bevel of 
the needle could no longer be seen through the vocal 
cord),1.5 mm anterior to the vocal process and 0.5 


Fig 3. Botulinum injection. A) At 1.0 U. 
Note homogeneous darkening in injec- 
tion area. This area is completely para- 
lyzed. Also note speckled appearance of 
lateral thyroarytenoid muscle (TA) and 
lateral cricoarytenoid muscle (LCA). This 
represents spread of toxin in low amounts. 
B) At 2.5 U. Dark area in medial aspect of 
TA has increased in size, and LCA is 
completely paralyzed. C) At 5.0 U. D) At 
7.5 U. E) At 10.0 U. There is complete 
paralysis of TA and LCA. 


mm lateral to the vocal cord edge. The amounts of the 
injections were 0.5, 1.0, 1.5, 2.5, 4.0, 5.0, 7.5, 10.0, 
and 12.5 U. Both TA muscles of each dog were 
injected with a different amount of toxin in order to 
minimize the number of dogs used. After 24 hours to 
allow the toxin to bind, the dog was reanesthetized. 
Therecurrent laryngeal nerve was isolated and stimu- 
lated at 5 mA and 20 Hz for 20 minutes by means of 
a biphasic electrode nerve stimulator. A total laryn- 
gectomy was performed immediately after cessation 
of stimulation, and the dog was then killed painlessly 
with an overdose of phenobarbital. The excised la- 
rynges were immediately frozen in liquid nitrogen 
after removal. Anterior, midbelly, and posterior sag- 
ittal sections of 10-um thickness were obtained in the 
TA muscle with a cryostat (Reichert-Jung Cryocut, 
Germany). The sections were mounted on chrome 
aluminum slides and stained for glycogen using PAS 
(Sigma Chemical Co, St Louis, Mo). Sections were 
projected onto a digitized computer tablet (Zeiss 
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Fig 4. Graph of botulinum toxin dose versus paralyzed 
area. Error bars — SD. 


Videoplan 2), and measurements of the area of the 
stained fibers were made. 


Measurement of paralysis was made by examining 
the specimen via light microscopy. The magnified 
specimen was projected onto a background over- 
lying the digitized computer tablet. The cross sec- 
tions of individual muscle fibers were visible, and at 
40x magnification the presence of glycogen was 
clearly determined. The area of each specimen was 
measured systematically. By using the homogeneous 
regions as one border, the outline of glycogen was 
followed. In regions in which the glycogen retention 
pattern became speckled, only 50% of the area of 
glycogen-filled fibers was used in the estimation of 
the area. There were two controls: an unstimulated 
noninjected muscle and a stimulated noninjected 
muscle. 


RESULTS 


The nonstimulated control had a homogeneous 
distribution of the dark glycogen-filled fibers (Figs 1 
and 2A), while the stimulated control (Fig 2B) was 
completely depleted of glycogen and thus appeared 
pale. | 


Injections of botulinum toxin resulted in areas of 
glycogen retention providing evidence of chemical 
denervation. The different doses of botulinum toxin 
had different effects. At 0.5 U, there was no signif- 
icant histologic evidence of paralysis at the injection 
site. The toxin seemed to spread diffusely throughout 
the muscle, as evidenced by the lightly speckled 
appearance ofthe fibers througboutthe muscle. There 
was no area of localization of the toxin. The 1.0-U 
dose (Fig 3A) provided an area of localization in the 
TA muscle, and also diffused into the adjacent lateral 


cricoarytenoid (LCA) muscle, as evidenced by the 
speckling seen there. At the 2.5-U dose (Fig 3B) there 
was an increased area of glycogen retention through- 
out the TA mucle, in addition to increased diffusion 
to the LCA muscle. The fibers are more extensively 
involved, as speckling has been replaced by a more 
homogeneous pattern. At 5.0 U (Fig 3C) about 50% 
of the TA muscle has been affected by the toxin. 
There is a region of good localization in addition to 
the area affected by the spread of the toxin. TheLCA 
muscle is also more heavily affected by the diffusion 
of the toxin. The same pattern is seen at 7.5 U (Fig 
3D), except that there is a larger area of paralysis 
within the TA muscle, and the fibers in the LCA 
muscle are more darkly stained. Finally, at 10.0 U 
(Fig 3E) the toxin causes complete chemical dener- 
vation of the muscle. The speckled pattern has been 
replaced by a homogeneous pattern of glycogen 
retention that is identical to that seen in the non- 
stimulated control. 


The area of glycogen retention in the TÀ muscle 
increased with the increasing dose of the toxin (Fig 
4). There was a statistically significant positive cor- 
relation (r = .808; p « .005) between the dose of the 
toxin and the area of paralysis. 


DISCUSSION 


By using Botox in the current clinical range, our 
experiment provides histologic evidence of what has 
been seen clinically. Doses 10.0 U or larger not only 
completely diffuse throughout and denervate the TA 
muscle, but they spread to adjacent muscles such as 
the LCA muscle. Most likely this is the cause of the 
excessive weakness of the adduction muscles and the 
cases of aspiration and breathy weak phonation that 
have been documented clinically. Conversely, doses 
as low as 0.5 U may beunable to paralyze a sufficient 
number of muscle fibers to effect a paralysis that 
would be clinically significant. It is surprising that a 
dose as low as 1.0 U was able to diffuse to the LCA 
muscle. Ithas been postulated that the toxin receptor's 
binding capacity can be overcome at high doses of 
Botox, leading to diffusion and the side effects seen 
clinically, but our results, which showed spread at 
low doses, suggest that perhaps this may not be the 
only mechanism of spread. It is possible that our 
result could be explained by an inadvertent injection 
of the toxin very close to or into the fascia between the 
TA and the LCA muscles. Conversely, our previous 
study on the effects of fascia on the spread of Botox 
clearly showed that fascia only provided partial pro- 
tection against diffusion of the toxin at low doses.”3 
Therefore, it is equally possible that diffusion of the 
toxin out of the target muscle can occur at any dose. 
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Finally, there is a possibility that there exists some 
anatomic pathway that facilitates the diffusion of 
Botox to the LCA muscle. Further study needs to be 
done to elucidate the exact mechanism of diffusion 
for the toxin. 


Although the results at the low dose range raise 
some questions, the results at the higher dose range 
corroborate the clinical judgment to avoid high doses 
in order to minimize unwanted side effects. It seems 
likely that multiple small doses placed in the center of 
the muscle have the best chance of avoiding side 
effects. Moreover, our results suggest that within the 
range of 1.25 to 7.5 U the effects of the toxin are 
clearly dose-related, while at doses above 7.5 U the 
toxin causes complete paralysis. Two specimens per 


dosage were used; itis therefore possible that the area 
of paralysis was either underestimated or perhaps 
overestimated. The reproducibility of findings at a 
particular dosage was good; however, the results 
would have been strengthened statistically with more 
specimens per dosage. 


The peroral technique appears promising because 
it theoretically allows precise and reproducible posi- 
tioning of the injection within the TA muscle. It is 
possible that the injection can be further localized if 
the external landmarks of the muscle motor end plate 
region can be identified. The applications of Botox 
are continuing to grow. Therefore, it is important to 
define the technique and site of injection to maximize 
the duration of its clinical effects. 
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CONTINUOUS POSITIVE AIRWAY PRESSURE AS A PROMOTER OF 
LARYNGOSPASM DURING HALOTHANE ANESTHESIA 
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NEW YORK, NEW YORK 


Twenty mongrel dogs were anesthetized with halothane 2.0%, 1.25%, 0.94%, and 0.63% in oxygen. Thyroarytenoid (TA) and 
posterior cricoarytenoid (PCA) electromyography (EMG) tracings were recorded with the animal at rest, following mechanical imitation 
of the glottis, and during 20 mm Hg continuous positive airway pressure (CPAP) following either airway occlusion or hyperventilation. 
Adductor laryngospasm was defined as continuous tonic TA EMG activity, silent PCA EMG, and vocal cord adduction. Abductor 
laryngospasm was defined as continuous tonic PCA EMG activity, silent TA EMG, and vocal cord abduction. Combined laryngospasm 
was defined as continuous tonic PCA and TA EMG activity, with variable vocal cord position. The incidence of adductor laryngospasm 
following mechanical irritation was 30% to 50%. The combined incidence of laryngospasm during application of CPAP following airway 
occlusion or hyperventilation was 25% to 50%, and differed from the incidence of irritation-induced adductor laryngospasm by 5% or 
less at the same anesthetic level. Continuous positive airway pressure appears to be a stimulant of laryngeal muscle spasm comparable 
to mechanical irritation of the glottis. 


KEY WORDS — abductor, adductor, anesthesia, continuous positive airway pressure, electromyography, halothane, laryngospasm, 


posterior cricoarytenoid muscle, thyroarytenoid muscle. 


Previous work has reported that continuous posi- 
tive airway pressure (CPAP) has promoted both 
adductor and abductor laryngospasm when preceded 
by either hyperventilation or airway occlusion in a 
dog model.!:2 Direct mechanical stimulation of the 
glottis is associated with the occurrence of laryngo- 
spasm in lightly anesthetized patients.?4 In the cur- 
rent study, the incidence of CPAP-induced laryngo- 
spasm was compared to the incidence of laryngo- 
spasm induced by mechanical stimulation of the 
glottis. 


METHODS AND MATERIALS 


Twenty mongrel dogs, weighing between 18 and 
24 kg, were studied. Anesthesia was induced with 


thiamylal sodium 15 mg/kg administered intrave- | 


nously. The study animal was then placed in a supine 
position on an operating table. The mouth was opened 
and a size 8 double-cuffed endotracheal tube (ETT; 
Mallinckrodt, St Louis, Mo) was placed in the trachea 
under direct vision. This ETT has a cuff in the 
standard position, and a second cuff approximately 2 
cm proximal to this. This second cuff was used to 
measure intraglottic pressure (IGP). The ETT was 
positioned with the second cuff at the level of the 
vocal cords and the first cuff in the trachea. The first 
cuff was inflated with air to prevent air leakage 
during lung inflation with 100% oxygen at 20 mm Hg 


CPAP. The IGP cuff was connected to a pressure 
transducer and inflated with air until the transducer 
demonstrated a tracing coincident with respiration. 
Anesthesia was maintained with the study animal 
spontaneously breathing 2.0% halothane in oxygen 
delivered at a 6-L/min flow rate through a standard 
adult anesthesia circuit, The mouth was stented open 
with a vaginal speculum. To allow an unobstructed 
view of the vocal cords, the epiglottis was percutane- 
ously pinned to the thyrohyoid membrane. À strain 
gauge chest plethysmograph was placed to monitor 
respiratory excursions. 


Hooked wire Teflon-coated stainless steel electro- 
myography (EMG) electrodes were percutaneously 
placed in both thyroarytenoid (TA) muscles. Transmu- 
cosal posterior cricoarytenoid (PCA) muscle EMG 
electrodes were applied by using a custom-fitted 
latex electrode platform placed in the hypopharynx 
posterior to the larynx.> Electrode positioning and 
adequate EMG signal were confirmed during quiet 
spontaneous respiration. The chest plethysmograph, 
IGP ETT cuff transducer, and EMG output were 
displayed on an oscilloscope and printed on record- 
ing paper (Honeywell Medical Electronics, White 
Plains, NY). 


Each animal was studied during the administration 
of four different levels of halothane (HAL) anesthe- 


Fromthe Departments of Anesthesiology (Silva) and Otolaryngology (Sanders), Mount Sinai School of Medicine of the City University of New York, 
New York. This study was performed in accordance with the PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for the 
Care and Use of Laboratory Animals, and the Animal Welfare Act (7 U.S.C. et seq.); the animaluse protocol was approved by the Institutional Animal 


Care and Use Committee (LACUC) of Mount Sinai School of Medicine. 


Presented at the meeting of the American Broncho-Esophagological Association, Waikoloa, Hawaii, May 5-6, 1991. 
REPRINTS — Ira Sanders, MD, Dept of Otolaryngology, Box 1189, Mount Sinai Medical Center, One Gustave L. Levy Place, New York, NY 10029. 
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TABLE 1. INCIDENCE OF LARYNGOSPASM IN 20 ANIMALS (BY MUSCLE) 


2.0% 
Halothane _ 

Maneuver Muscle No. % 
REST None 0 0 
IRRIT TA 6 30 
HV/CPAP TA 5 25 
PCA 1 5 

BOTH 0 0 

OCC/CPAP PCA 2 10 
BOTH 3 15 

See text for abbreviations. 


sia: 0.63%, 0.94%, 1.25%, and 2.0%. Halothane was 
chosen for ease of maintenance of stable anesthetic 
levels, as opposed to the variability in plasma levels 
for parenterally administered anesthetics. The HAL 
levels were chosen to approximate minimum alveo- 
lar concentrations (MACs) for dogs of 0.67, 1.0, 1.33, 
and 2.1, respectively. (One MAC of an inhalational 
anesthetic produces immobility in 50% of subjects 
exposed to a noxious stimulus.) We found HAL 
0.63% allowed preservation of corneal reflexes while 
maintaining a quiescent animal. The PCA EMG, TA 
EMG, and vocal cord appearance were recorded 
under the following conditions at each HAL level. 


1. REST (defined as quiet respiration). 


2. Irritation (IRRIT; defined as five 1-cm ETT 
movements). 


3. Hyperventilation (HV)/CPAP (defined as 10 
500-mL positive pressure breaths delivered over 
15 seconds followed by 20 mm Hg CPAP). 


4. OCC/CPAP (defined as end expiratory airway 
occlusion for 50 to 60 seconds, followed by 20 
mm Hg CPAP). 


A 10-minute rest period was allowed between 
conditions 2 and 3, and between conditions 3 and 4. 
After condition 4, the HAL concentration was 
changed, and a 30-minute equilibration period fol- 
lowed. The animals used in this study were cared for 
in accordance with the standards for animal experi- 
mentation outlined by the National Institutes of Health. 


RESULTS 


Adductor laryngospasm (TA spasm) was defined 
as continuous tonic TA EMG activity, silent PCA 
EMG, and vocal cord adduction. Abductor laryngo- 
spasm (PCA spasm) was defined as continuous tonic 
PCA EMG activity, silent TA EMG, and vocal cord 
abduction. Combined laryngospasm (BOTH) was 
defined as continuous tonic PCA and TA EMG 
activity, with variable vocal cord position. Unfortu- 
nately, the size of the IGP ETT cuff only allowed 


1.2596 0.94% 0.63% 
Halothane Halothane Halothane 
No. % No. % No. % 
0 0 0 0 0 0 
10 50 9 45 9 45 
8 40 7 35 7 35 
0 0 0 0 0 0 
1 5 3 15 2 10 
4 20 8 40 6 30 
5 25 1 5 2 10 


recording of extremes in vocal cord movement. 


Quiet Breathing. The PCA EMG fired for 1 to 2 
seconds at the start of inspiration, and the TA EMG 
fired for 1 to 2 seconds at the start of expiration with 
0.63% to 1.25% HAL. At 2.0% HAL, the TA EMG 
was completely quiescent, while the PCA EMG fired 
for 1 to 2 seconds at the start of inspiration. There was 
no occurrence of PCA or TA spasm during quiet 
breathing (see REST in Table 1). 


Mechanical Irritation of Larynx. There was no 
occurrence of PCA spasm following mechanical irri- 
tation of the larynx. Thyroarytenoid spasm occurred 
in 9 or 10 of the 20 study animals (45% to 50%) 
during 0.63% to 1.25% HAL, and in 6 of the 20 study 
animals (30%) with 2.0% HAL (see IRRIT in Table 
1). 


Hyperventilation Followed by CPAP. During ap- 
plication of CPAP, TA and PCA EMGs did not 
demonstrate phasic activity. Posterior cricoarytenoid 
spasm alone occurred in 1 of 20 (5%) study animals 
with 2.0% HAL. Thyroarytenoid spasm alone oc- 
curred in 7 or 8 of the 20 study animals (35% to 40%) 
with 0.63% to 1.25% HAL, and in 5 of the 20 study 
animals (2596) with 2.0% HAL. Spasm of both PCA 
and TA muscles (BOTH) occurred in 1 to 3 of the 20 
study animals (5% to 15%) at 0.63% to 1.25% HAL 
(see HV/CPAP in Table 1). 


Airway Occlusion Followed by CPAP. During 
application of CPAP, TA and PCA EMGs did not 
demonstrate phasic activity. Thyroarytenoid spasm 
alone did not occur following OCC/CPAP. Posterior 
cricoarytenoid spasm occurred in 6 to 8 of the 20 
study animals (30% to 40%) with 0.63% and 0.94% 
HAL, 4 of the 20 (20%) with 1.25% HAL, and 2 of the 
20 (10%) with 2.0% HAL. Spasm of both PCA and 
TA muscles (BOTH) occurred in 2 of the 20 study 
animals (10%) at 0.63% HAL, 1 of the 20 (5%) at 
0.94% HAL, 5 of the 20 (25%) at 1.25% HAL, and 3 
of the 20 (15%) at 2.0% HAL (see OCC/CPAP in 
Table 1). The Figure represents a sample tracing of 
OCC/CPAP at 2.0% HAL. 
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Graph of abductor, ie, posterior cricoarytenoid (PCA), spasm at 2.0% halothane. Vertical marks represent 1 second. A marks 
beginning of airway occlusion. Note increased intensity of phasic firing of PCA coincident with inspiration. B marks termination 
of occlusion and start of continuous positive airway pressure (CPAP). Note decrease in PCA signal 1 second after B, which then 
increases as CPAP is applied. C marks termination of PCA spasm. D marks end of CPAP. AtE, spontaneous ventilation resumes. 


ETT — endotracheal tube, EMG — electromyography, TA — thyroarytenoid. 


Table 2 summarizes the duration and incidence of 
laryngospasm for experimental conditions 2 through 
4 at each anesthetic level. Note that at the same 
anesthetic level, the combined incidence of laryngo- 
spasm following CPAP differs from the incidence of 
irritation-induced adductor laryngospasm by 5% or 
less. 


DISCUSSION 
Clinically, while laryngospasm is recognized as an 


TABLE 2. DURATION AND INCIDENCE OF LARYNGO- 
SPASM IN 20 ANIMALS 


% Mean Duration . Animals _ 
Halothane Maneuver + SEM (s) No. % 
0.63 IRRIT 45.6+ 6.2 9 45 
HV/CPAP 55.3+ 6.5 9 45 
OCC/CPAP 57.9+ 6.6 8 40 
0.94 IRRIT 42.4+ 6.3 9 45 
HV/CPAP 57.7+ 83 10 50 
OCC/CPAP 67.8+ 9.1 9 45 
1.25 IRRIT 38.7 5.8 l0 50 
HV/CPAP 74.3 x 23.1 9 45 
OCC/CPAP 573% 5.6 9 45 
2.0 IRRIT 32.2+ 8.1 6 30 
HV/CPAP 80.0 + 13.1 6 30 
OCC/CPAP 55.8: 6.2 5- wo 


Includes all occurrences of TA and/or PCA spasm. See text for 
abbreviations. 


obstruction at the level of the glottis,’ the pathophys- 
iologic mechanism of laryngospasm in anesthetized 
humans is not clear. Fink? described laryngospasm as 
the closure of the supraglottic folds, the false vocal 
cords, and the true vocal cords. While Suzuki and 
Sasaki? differentiate between laryngospasm and the 
glottic closure reflex, Stone and Gal? consider laryn- 
gospasm to be the physiologic exaggeration of this 
reflex. The involvement of tonic or spastic contrac- 
tion of intrinsic laryngeal muscles is likely.?:!° 


Aviv et al defined an operational model of both 
adductor laryngospasm! and abductor laryngospasm? 
in the dog. This model required a very light barbitu- 
rate anesthetic, hyperventilation or airway occlusion, 
and application of 0.1 mol/L ammonia to the glottis 
followed by 40 mm Hg CPAP. The importance of the 
proper anesthetic level was stressed.? A sufficiently 
light anesthetic level, with preservation of corneal 
reflexes, was needed to allow the reproducible pro- 
duction of adductor and abductor laryngospasm. 


We chose a similar dog model for the production of 
abductor and adductor laryngospasm. Simple me- 
chanical irritation of the larynx produced TA spasm 
in 4596 to 50% of study animals with 0.63% to 1.25% 
HAL and 30% of study animals with 2.0% HAL. The 
application of CPAP following either airway occlu- 
sion or hyperventilation produced TA spasm, PCA 
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spasm, or combined TA and PCA spasm in 40% to 
50% of study animals at 0.63% to 1.25% HAL and 
25% to 30% at 2.0% HAL. It is not surprising that the 
occurrence of TA or PCA spasm is lowest at 2.0% 
HAL. Light anesthesia has been associated with 
laryngospasm,?4 and Baraka!! reports that the treat- 
ment of laryngospasm following endotracheal extuba- 
tion by the administration of intravenous lidocaine 
acutely deepens the anesthetic level. 


Aviv et al? attributed the glottic response with lung 
inflation to carbon dioxide and oxygen levels follow- 
ing hyperventilation or airway occlusion. Laryngeal 
adductor activity has been described during lung 
inflation preceded by rapid ventilation,!? and PCA 
activity is reported when lung inflation follows the 
administration of a hypercarbic hypoxic gas mixture 
to study animals.!? This pattern is consistent with our 
finding of predominant TA spasm during HV/CPAP 
and PCA spasm with OCC/CPAP. 


Inaprior model, CPAP plus the glottic application 
of 0.1 mol/L ammonia was necessary to initiate 


adductor and abductor laryngospasm.!2 Although 
Rex!® reported that laryngospasm can be triggered in 
the cat by the instillation of ether or HAL into the 
trachea, this does not seem to be a factor in dogs. 
There was no evidence of TA or PCA spasm during 
quiet breathing with administration of HAL in four 
different concentrations via an ETT. The decreased 
incidence of TA and PCA spasm at a 2.0% HAL 
concentration suggests that under these conditions a 
high concentration of HAL decreases the tendency 
toward sustained tonic activity of these muscles. In 
our subjects, CPAP itself was the inciting stimulus 
for the development of TA and PCA spasm. 


The incidence of TA spasm, PCA spasm, or both 
during the administration of CPAP following either 
hyperventilation or airway occlusion was similar to 
the incidence of TA spasm following mechanical 
irritation of the glottis (Table 2). This finding held 
true for the four anesthetic levels tested, and implies 
that CPAP is as significant a stimulant to sustained 
spasm of laryngeal muscles as mechanical glottic 
irritation is to adductor muscle spasm. 
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LARYNGOTRACHEAL RECONSTRUCTION IN ADULTS WITH THE 
STERNOCLEIDOMASTOID MYOPERIOSTEAL FLAP 


MICHAEL FRIEDMAN, MD AMY D. MAYER, MD 
CHICAGO, ILLINOIS NEW YORK, NEW YORK 


Subglottic or tracheal reconstruction may be required in cases of subglottic stenosis, invasive thyroid carcinoma, or trauma. The 
sternocleidomastoid myoperiosteal flap uses clavicular periosteum on a muscle pedicle to provide vascularity. Clavicular periosteum 
is fibrous and durable and will conform to the shape of the trachea, forming bone to provide stability to the airway. The procedure is 
relatively simple and involves single-stage reconstruction. Success has been achieved in reconstruction of long-standing subglottic and/ 
or tracheal stenosis and in cases of extreme tracheal defects. On the basis of 8 years’ experience with this flap, we present the results 
from a series of 26 patients who underwent subglottic or tracheal reconstruction with the sternocleidomastoid myoperiosteal flap. 
Twenty-five of the 26 patients were successfully decannulated. Complications have been expanded to include one case of osteomyelitis 
of the sternum with mediastinitis, and 1 patient required revision. Subsequently, modifications of technique and patient management have 
been adopted. The complications compare favorably in frequency and in seriousness with those of other techniques for laryngotracheal 
reconstruction. We describe additional experience with this procedure and longer follow-up to establish its position as a first-line 
reconstructive approach for widespread clinical use. 


KEY WORDS — invasive thyroid carcinoma, laryngotracheal reconstruction, myoperiosteal flap, sternocleidomastoid muscle, 
tracheal reconstruction, tracheal stenosis. 


INTRODUCTION reconstruction have been described and provide valu- 

Laryngotracheal reconstruction has proven to be able surgical alternatives in the face of uncertain 
one of the most challenging and controversial issues circumstances. A patient may have limited surgical 
in otolaryngology today. Indications for reconstruc- options because of local tissue loss from previous 


tion of the cricoid cartilage, subglottis, or trachea unsuccessful attempts at laryngotracheal reconstruc- 
include subglottic stenosis, laryngeal trauma with tion or disfiguring neck trauma with destruction of 
tissue loss, and benign or malignant invasive thyroid cartilage. Some procedures are staged, requiring pro- 
carcinoma. The goal of laryngotracheal reconstruc- longed periods of time, and are technically difficult. 
tion is to provide a stable airway with preservation of Because there is no single universally applicable 


normal phonation. To accomplish this, it is necessary technique, it is necessary to become proficient in 
to provide a durable, supportive framework over several and to realize the advantages and limitations 
which endolaryngeal mucosa can regenerate. Preser- of each procedure. Every case requires individual 
vation of laryngeal musculature and at least one evaluation to determine which reconstructive proce- 
recurrent laryngeal nerve is essential. dure is most appropriate for the patient's particular 


A variety of innovative techniques for subglottic disease process. 


TABLE 1. PATIENT SEX AND AGE DISTRIBUTION AND TOTALS WITHIN FOUR PATIENT GROUPS 


Patient Groups 
Cricoid or 
Prolonged Anterior Invasive 
Endotracheal Tracheal Thyroid 

Intubation Defect Carcinoma Trauma 
Patient Characteristics Totals (Table 2) (Table 3) (Table 4) (Table 5) 
No. male/female 11*/16 4/6 12 1/8 5*/0 
Total No. of procedures 27 10 3 9 5 
Mean age 53.6 53.4 59.6 62.0 24.4 
Age range 22-79 25-71 51-76 30-79 22-29 
Average length of lesion (cm) 4.4 3.8 4.0 5.3 4.4 


*One man had two reconstructive procedures. 


From the Department of Otolaryngology and Bronchoesophagology, Rush Medical College of Rush University, Rush-Presbyterian-St Luke’s 
Medical Center, and the Head and Neck Treatment Center, Illinois Masonic Medical Center, Chicago, Illinois (Friedman), and the University of the 
Health Sciences/Chicago Medical School, North Chicago, Illinois (Mayer). 
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TABLE 2. PATIENT DATA IN CASES OF PROLONGED ENDOTRACHEAL INTUBATION 


Condition 
Requiring Length of Previous 
Pt Age Sex Reconstruction — Defect (cm) Treatment 
1 25 F Subglottic 6 Dilation : 
and tracheal 
stenosis 
2 58 M Subglottic 4 
and tracheal 
stenosis 
3 71 F Subglottic 4 Dilation, 
and tracheal laser resection 
stenosis with keel place- 
ment, hyoid 
transposition 
435 M Subglottic 4 Dilation 
and tracheal 
stenosis 
5 75 M Subglottic 3 Dilation 
and tracheal 
stenosis 
6 36 F Glottic and 4 
subglottic 
stenosis 
7 44 M Subglottic 5 Dilation 8x 
and tracheal 
defect 
8 54 F Subglottic 3 Dilation 3x, 
and tracheal laser 2x 
defect 
9 68 F Glottic and 3 Laser 4x 
subglottic 
defect 
10 68 F Subglottic 2 Dilation 3x, 
stenosis laser 3x 


Days to 
Stent or 
T-tube Days to Follow-up 
Removal | Decannulation Complications (mo) 
60, 74 Granulation 12 
T-tube tissue 
8 S6 Aspiration of 20 
stent, wound 
infection 
60 65 40 
26 56 13 
44 58 40 
44 98 Wound infec- 42 
tion, superior 
mediastinal 
abscess, osteo- 
myelitis of 
clavicle and 
sternum 
56 70 Granulation 24 
tissue 2x 
42 84 Granulation 20 
tissue 2x 
35 49 6 
42 56 Granulation 12 
tissue 


The sternocleidomastoid myoperiosteal flap tech- 
nique is suitable for extensive tracheal defects that 
may not be correctable by other techniques. On the 
basis of 8 years of experience, we present the results 
of 26 patients who underwent a total of 27 procedures 
for subglottic or tracheal reconstruction with the 
sternocleidomastoid myoperiosteal flap and review 
in detail all complications associated with the tech- 
nique. We also describe modifications of the tech- 
nique that have been introduced to minimize compli- 
cations and improve versatility. 


PATIENTS AND METHODS 


The patients include only those with subglottic and 
tracheal stenosis or defects large enough to warrant 
open reconstruction. Patients with lesser degrees of 
defects or stenoses were treated with endoscopic 
dilation, laser ablation of scar tissue, or T-tube stent- 
ing without open reconstruction. Those who failed 
endoscopic management were treated with the 
sternocleidomastoid myoperiosteal flap. 


Patients were divided into four categories requir- 
ing reconstruction (Table 1). Ten patients sustained 
prolonged endotracheal intubation (Table 2) with 
subsequent subglottic and tracheal stenosis (eight 
patients) or glottic and subglottic stenosis (two pa- 
tients). Three patients developed an unstable airway 
following loss of the integrity of thecricoid arch from 
high tracheostomy (Table 3). Nine patients had inva- 
sion of the larynx and trachea from thyroid carcinoma 
(Table 4). Four patients sustained trauma to the 
laryngotracheal complex, including three patients 
with gunshot wounds to the subglottic and tracheal 
region, and one patient who suffered from a crush 
injury of the larynx and trachea following a motor 
vehicle accident (Table 5). For Tables 1 through 5, it 
is assumed that a classic stent was used unless a T- 
tube is specified. 


Computed tomographic or magnetic resonance 
scans were performed to evaluate the location, length, 
and diameter of the stenotic segment or defect. Fig- 
ures 1 and 2 illustrate the extent of involvement and 
the postoperative results. 
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TABLE 3. PATIENT DATA IN CASES OF CRICOID OR ANTERIOR TRACHEAL DEFECT 


Condition 
Requiring Length of Previous 
Pt Age Sex Reconstruction Defect (cm) Treatment 
11 76 F Unstable 3 
airway 
12 51 F Unstable 4 
airway 
13 52 M  Subglottic 5 Dilation 4x, 
and tracheal T-tube for 
defect, un- 6 mo 
stable airway 


Days to 
Stent or 
T-tube Days to Follow-up 
Removal | Decannulation Complications (mo) 
42 56 36 
42 56 13 
42 56 18 


In these cases, anterior cricoid arch was inadvertently removed during tracheostomy. 


RESULTS 


Overall, the 27 reconstructive procedures evalu- 
ated in this review were performed on 16 women and 
10 men, between 1984 and 1991 (Table 1). The 
average age was 53.6 with a range of 22 to 79 years. 
Twenty-one patients required some form of stenting, 
including 16 regular stents and five T-tubes. T-tubes 
were used in three cases of invasive thyroid carci- 
noma, one case of prolonged endotracheal intuba- 
tion, and one case of trauma to the neck. All cases of 
reconstruction for prolonged endotracheal intubation 
and for unstable airway required stenting, while only 
four of nine cases of invasive thyroid carcinoma, and 
four of five cases of trauma required stenting of the 
airway. Tbe mean length of time for stent or T-tube 
placement in 21 patients was 50 days (range, 8 to 96 


days). The mean length of time from stent or T-tube 
removal.to decannulation in 21 patients was 35.4 
days (range, 5 to 217 days). The mean length of time 
from reconstruction to decannulation in 26 proce- 
dures (one patient was not decannulated; Table 5, 
patient 23) was 68.1 days (range, 7 to 313 days). 


Table 2 summarizes a group of patients who had 
glottic, subglottic, or tracheal stenosis following pro- 
longed endotracheal intubation. A majority of pa- 
tients had a history of previous attempts for treatment 
of their stenoses, including dilation and laser resec- 
tion of scar tissue. One patient (patient 3) underwent 
standard dilation, laser vaporization of scar tissue 
with keel placement, and eventual hyoid flap recon- 
struction, without decannulation until she underwent 
successful reconstruction with the sternocleidomas- 


TABLE 4. PATIENT DATA IN CASES OF INVASIVE THYROID CARCINOMA 





defect 


Days to 
Condition Stent or 
Requiring Length of Previous T-tube Days to Follow-up 
Pt Age Sex Reconstruction Defect (cm) Treatment Removal Decannulation _ Complications (mo) 
14 68 F  Cricoid and 4 Multiple 21 7 
first two thyroid 
tracheal rings procedures 
15 76 F Tracheal 4 18 18 
rings 1-4 
16 71 F Cricoid and 5.5 Multiple 56, 180 Granulation 13 
tracheal rings thyroid T-tube tissue 5x 
1-6, 60% procedures 
l circumference 
17 76 F  Cricoid and tra- 5 Thyroid 56 70 Granulation 12 
cheal rings 1-4 procedure tissue 5x 
18 64 F Cricoid and 2 14 17 
first tracheal 
ring 
19 79 M Cricoidand 6 42, 56 Partial flap 5 
tracheal rings T-tube necrosis, 
1-4, 60% breakdown of 
circumference suture line 
with drainage 
20 30 F Subglottic 6 Thyroid 50, 68 Granulation 54 
and tracheal procedure T-tube tissue 
defect 
21 36  F Subglottic 3 7 53 
defect 
22 58 F Subglottic 2 7 76 
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TABLE 5. PATIENT DATA IN CASES OF TRAUMA 


Condition 
Requiring Length of 
Recon- Defect 
Pt Age Sex struction (cm) Cause 
23 29 M Subglottic 3 Gunshot 
defect wound 
to neck 
24 22 M Subglottic 5 Gunshot 
: and tracheal wound 
defect to neck 
25 24 M Cricoid and 6 Gunshot 
four tracheal wound 
rings to neck 
26 23 M Crash injury 4 Motor 
of vehicle 
and trachea accident 
24 Restenosis Tracheostomy 
following following 
decannulation decannulation 
after elective 
tracheostomy 
for cranioplasty 


Previous 
Treatment 


Days to 
Stent or Days to 
T-tube Decannu- Follow-up 
Removal lation Complications (mo) 
Unknown Tracheostomy- Wound infec- * 
dependent tion, breakdown 
of suture line 
42 58 26 
42, 60 9 
T-tube 
42 64 Restenosis 30 
96 313 Breathy 30 


voice 


*Followed up for 2 days before transfer to spinal cord unit at another institution. 


toid myoperiosteal flap. Nine of 10 patients required 
stent placement, and 1 patient required T-tube place- 
ment because of the 6-cm length of the lesion (patient 
1). Patient 6 required a prolonged period of time 
before decannulation because of procedure-related 
complications. 


Table 3 lists three patients who developed unstable 
airways after inadvertent destruction of the anterior 
cricoid arch following high tracheostomy. All three 
patients required 6 weeks of stent placement and 2 
weeks between stent removal and decannulation, for 
atotal of 8 weeks’ time from reconstruction to decan- 
nulation. 


Table 4 lists nine patients with laryngeal and 
tracheal invasion of thyroid carcinoma. None of the 
patients underwent previous reconstructive proce- 
dures on their airway, although four patients under- 
went previous thyroid procedures. One patient re- 
quired stent placement, and three others required T- 
tube placement. T-tubes were used for the most 
extensive lesions. Five patients did not require any 
form of stenting. Patient 3 required a prolonged 
period before decannulation because of recurrent 
granulation tissue formation at the site of reconstruc- 
tion. © 


Table 5 summarizes four patients who sustained 
trauma to the larynx and trachea, including one pa- 
tient (patient 26) who is listed twice because he 
underwent two sternocleidomastoid myoperiosteal 
flap reconstructive procedures on two separate occa- 
sions. All four of the patients were treated acutely. 
Each of the five procedures involved some form of 
stent placement, including four procedures requiring 


regular stents and one procedure with T-tube place- 
ment, again, because of the extent of the lesion. 
Patient 23 was unavailable for follow-up, and the 
time of stent removal was unknown. Patient 26 un- 
derwent a second reconstruction and will be dis- 
cussed in Complications. 


Table 6 summarizes data from Tables 2 through 5 
pertaining to the procedure time frame, including 
time from reconstruction to stent or T-tube removal, 
time from removal to decannulation, and total time 
from reconstruction to decannulation. Although pa- 
tient groups are not large enough to draw statistically 
significant conclusions, in general, patients with 
invasive thyroid carcinoma or trauma experienced a 
longer procedure time frame, possibly reflecting the 
severity of their laryngotracheal defects. A general 
comparison of procedure time frame can also be 
made among patients who underwent reconstruction 
with a standard classic stent, a T-tube, or no stent. 
Patients with stents or T-tubes had a similar time 
course, while patients not requiring any form of 
airway stenting had a shorter time course. 


COMPLICATIONS 


Table 7 is an evaluation of procedure-related com- 
plications encountered, including type of complica- 
tion, number of patients, number of occurrences, 
treatment used, possible etiologic factors, and sug- 
gested modifications of technique. There were a total 
of 16 instances of complications among the 27 proce- 
dures performed. 


Granulation tissue formation during the immedi- 
ate postoperative period was the most frequent com- 
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plication, occurring in seven patients and often occur- 
ring multiple times in the same patient. In all cases, 
the granulation tissue was removed endoscopically 
(manually or with the laser), and patients were ob- 
served for recurrence. These patients often required a 
prolonged period before decannulation. Granulation 
tissue at the site of reconstruction is likely due to the 
fact that the sternocleidomastoid myoperiosteal flap 


Fig 1. (Patient 16) A) Preoperative axial magnetic resonance 
image of thyroid carcinoma invasion into trachea (arrow) 
with extension of tumor into prevertebral region. B) 
Preoperative coronal magnetic resonance image shows cepha- 
lad and caudad extent of tumor with marked involvement of 
left trachea (short arrow) and displacement of right brachio- 
cephalic vessels (long arrow). C) Axial computed tomogram 
9 months postoperatively. Bone formation is seen at both 
margins of tracheal reconstruction. White arrow identifies 
one of areas with bone formation. No evidence of tumor 
within surrounding soft tissues. 


is unepithelialized. Secondary intention healing with 
mucosal migration for reepithelialization of the lumi- 
nal surface of the flap is required, even with large 
mucosal defects. This requirement has made granu- 
lation tissue a fairly common complication. With 
large defects, granulation tissue formation should be 
considered an adverse result of the surgical proce- 
dure rather than a complication. The ideal reconstruc- 


Fig 2. (Patient 26) A) Preoperative sagittal magnetic resonance image demonstrates crush injury of cricoid with complete collapse 
of upper airway. B) Axial computed tomogram 12 months after second reconstructive procedure. Healed calcified 
sternocleidomastoid myoperiosteal flap forming contour of trachea is evident. 
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TABLE 6. COMPARISON OF PROCEDURE TIME FRAME AMONG FOUR PATIENT GROUPS AND AMONG PATIENTS 
REQUIRING STENTS, T-TUBES, AND NO STENT 


Days Before Removal 
of Stent or T-tube 
Patient Group Average* Range 
Prolonged endotra- 41.7 (10) 8-60 
cheal intubation 
(Table 2) 
Cricoid anterior 42 (3) 42 
iracheal defect 
(Table 3) 
Invasive thyroid 51 (4) 42-56 
carcinoma 
(Table 4) 
Trauma 74 (4) 42-96 
(Table 5) 
Total 50 (21) 8-96 
procedures 
Stents 44.9 (16) 8-60 
T-tubes 50.0 (5) 42-60 
No stent 


Days From Stent or T-tube Days From Reconstruction 
Removal to Decannulation to Decannulation 
Average* Range Average* Range 
24.9 (10) 5-54 66.6 (10) 49-98 
14 (3) 14 56(3) 56 
45 (4) 14-124 49 (9) 7-180 
68.3 (4) 16-217 123.8 (4) 58-313 
35.4 (21) 5-217 70.8 (25) 7-313 
34.1 (16) §-217 79.1 (16) 7-313 
40.4 (5) 14-124 87.6 (5) 56-180 
13.4 (5) 7-21 


*Numbers in parentheses represent total procedures used to calculate value. 


tion would use an epithelialized flap. Theoretically, 
the sternocleidomastoid myoperiosteal flap could be 
combined with a split-thickness skin graft or a muco- 
sal graft to provide for an epithelialized surface. The 
split-thickness skin graft or mucosal graft can be 
sutured to the clavicular periosteum prior to the final 
positioning of the reconstructive flap,' or the stent or 
T-tube can be ensheathed by a split-thickness skin 
graft before placement in the airway. 


Wound infection occurred in three cases, with 
resolution of two cases with intravenous antibiotics 
and local wound care. The third case (Table 2, patient 
6) was a patient with poorly controlled insulin-de- 
pendent diabetes who sustained a diabetic coma with 
subsequent tracheostomy dependency for 5 years that 
necessitated sternocleidomastoid myoperiosteal flap 
reconstruction. Following reconstruction, she had a 
wound infection on postoperative day 23 and was 
treated with intravenous antibiotics and local wound 
care. By day 44, the patient had a mediastinal abscess 
and osteomyelitis of the clavicle and sternum in the 
region of flap harvest, requiring incision, drainage, 
and debridement. A second debridement procedure 
was performed on day 68, and the patient was even- 
tually decannulated on day 98 without further evi- 
dence of infection. A breach in sterile technique must 
be considered as a possible etiologic factor in all three 
cases of wound infection. The patient with the ab- 
scess and osteomyelitis may have been at an in- 
creased risk for infection because of her diabetes and 
because of removal of the sternal periosteum. In 
subsequent procedures, the sternal head of the sterno- 
cleidomastoid muscle has been transected, but its 
periosteum is left attached to the sternum, with only 
the clavicular head of the muscle used for reconstruc- 


tive purposes. Earlier and more aggressive debride- 
ment of the infected bone might have prevented the 
need for a second procedure. 


One patient (Table 2, patient 2) aspirated the stent 
into his left main stem bronchus 8 days after recon- 
struction. Emergency bronchoscopy was performed 
to retrieve the stent. The airway was stable, and no 
stent was reinserted. This particular patient was one 
of the first in this series. All stents since have been 
carefully secured in place with heavier wire sutures 
and skin buttons, without further occurrence of stent 
aspiration. Wire sutures placed through a Montgom- 
ery stent can easily tear through the stent if placed 
near the ends of the stent. 


Partial flap necrosis occurred in one patient (Table 
4, patient 19) who underwent selective neck dissec- 
tion of lymph node levels IV and VI for thyroid 
carcinoma. In this case, the ipsilateral sternocleido- 
mastoid muscle was used for reconstruction. Possi- 
bly theblood supply to the muscle was compromised, 
leading to some flap necrosis. The area of necrosis 
resolved with adequate airway. In the future, the use 
of the contralateral sternocleidomastoid muscle may 
be indicated when any kind of neck dissection is 
performed. 


A more severe episode of flap necrosis occurred in 
a trauma patient (Table 5, patient 23). This case 
involved a gunshot wound with an automatic weapon 
that damaged the larynx, trachea, esophagus, and 
cervical spine, leaving the patient quadriplegic. The 
esophageal injury was closed at the same time that 
the tracheal injury was reconstructed. A leak in the 
esophageal closure resulted in abscess formation in 
the neck and mediastinum. Exploration of the neck 
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TABLE 7. COMPLICATIONS 
No. of Possible Possible 
Type No. of Pts Occurrences Treatment Results Causes Modifications 
Granulation 7 15 Endoscopic Resolved Unepithelialized Mucosal or 
tissue removal, manual flaps split-thickness 
or laser in grafts 
Wound 3 3 Intravenous Resolved in Exposed sternum Leave muscle 
infection antibiotics, local two patients, and clavicle, and periosteum 
wound care abscess forma- possible breach on sternum, 
tion and osteo- in sterile meticulous 
myelitis in one technique sterile 
technique 
Osteomyelitis 1 -1 Intravenous Resolved Exposed sternum Leave muscle 
antibiotics, and clavicle, and periosteum 
two surgical possible breach on sternum, 
rocedures for in sterile meticulous 
incision and technique sterile technique, 
drainage early debridement 
of infected bone 
Stent 1 1 Endoscopic Resolved Poorly secured Wire securement 
aspiration removal stent with skin buttons 
Partial flap 1 1 Local care Resolved, Patient had Use contralateral 
necrosis healed with selective neck SCM if neck 
adequate airway dissection of dissection is done 
lymph node 
levels IV and VI, 
compromised 
blood supply to 
lateral SCM 
Flap necrosis 1 1 Incise and Tracheostomy- Esophageal Patient lost 
(esophageal leak, drain abscess dependent leak secondary to follow-up, 
mediastinal to esophageal drainage of 
abscess) trauma mediastinum 
in face of 
esophageal leak 
Restenosis 1 1 Secondary Second Tracheostomy Avoid trach- 
reconstruction decannulation for elective eostomy during 
with SCM MP at 313 days cranioplasty early post- 
flap ] mo after decannulation 
decannulation period 
Breathy voice 1 1 None Vocal cord Possible 
paralysis or Teflon 
glottic injury injection 


SCM -~ sternocleidomastoid muscle, MP — myoperiosteal. 


revealed a viable periosteal flap that had broken 
down at the inferior aspect of the reconstruction. 
After the reconstruction, the patient was transferred 
to a regional spinal cord injury unit at another insti- 
tution, and no attempt to repair the subglottic airway 
was undertaken, so the patient remained tracheos- 
tomy-dependent. The patient was eventually lost to 
follow-up. Perhaps the esophagus could have been 
repaired with a contralateral sternocleidomastoid 
muscle flap instead of primary closure.” 


A second sternocleidomastoid myoperiosteal flap 
reconstruction was performed on one patient (Table 
5, patient 26). This patient successfully underwent 
laryngotracheal reconstruction, with stent removal 
and decannulation occurring within 64 days. An 
elective frontal cranioplasty was performed within 1 
month of decannulation. At the time of this proce- 
dure, the patient underwent elective tracheostomy in 
order to avoid intubation. Unfortunately, secondary 


decannulation was not tolerated, and the patient re- 
quired a second reconstruction with prolonged stent 
removal (96 days) and decannulation at 313 days. 
Reintubation and tracheostomy should be avoided, if 
possible, in the early decannulation period. Bone 
growth continues for months after stent removal and 
decannulation.? After two reconstructions, this pa- 
tient maintains a breathy voice, most likely due to 
traumatic disruption of a recurrent laryngeal nerve, 
although inadvertent iatrogenic causes cannot be 
ruled out. The patient had complete collapse of his 
airway with no voice prior to initiation of treatment. 


MODIFICATIONS 


During the past 8 years, since the first sternocleido- 
mastoid myoperiosteal flap procedure was performed 
by the senior author (M. F.), subtle modifications of 
the technique have evolved based on attempts to mi- 
nimize or eliminate complications that were encoun- 
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tered. Some modifications are the result of increased 
experience with the procedure. 


Although the initial procedures were performed 
with either a horizontal skin incision or an S-shaped 
incision, it has become clear that there are certain 
indications for each one. 


In patients with a long neck and high trachea or 
subglottic defects, a distal tracheostomy can be per- 
formed with at least three healthy tracheal rings 
between the reconstruction site and the tracheostomy 
site. In such cases, the flaps should be designed so 
that the donor and reconstruction areas are separated 
from the new tracheostomy site. The S-shaped inci- 
sion is ideal. The majority of cases, however, involve 
reconstruction of all of the trachea that can be ex- 
posed through the neck, and a distal tracheostomy is 
not feasible. In such cases, T-tubes are used at the 
distal area of reconstruction. In such cases a horizon- 
tal incision allows ideal exposure (Figs 3-5). 


The second modification deals with transection of 
the sternal head of the sternocleidomastoid muscle. 
Since the periosteum of the sternum is difficult to 
dissect and small in surface area, it is not useful for 
reconstruction. The periosteum is therefore not el- 





Fig 3. Incision planning. A) Incision used for high stenosis when 
distal tracheostomy can be performed and kept separate from 
reconstruction site. B) Modification to produce better scar. It also 
requires distal tracheostomy separated from reconstruction site. 
C) Most common incision used when stenosis extends into 
trachea. Most of these patients already have tracheostomy site. 
Reconstruction extends to tracheostomy site, which is excised 
with incision. 


evated off the bone, but left intact. The intact perios- 
teum should protect the sternum from osteomyelitis, 
which occurred in one of our early cases in which the 
periosteum was removed. The sternal head of the 
muscle is transected 2 to 3 cm above the sternum to 
allow rotation of the flap and use of the clavicular 
periosteum for reconstruction. The third modifica- 
tion involves coverage of the clavicle with the pecto- 
ralis muscle. The muscle is loosely approximated to 
fascia to cover denuded bone. 


The use of T-tubes or stents has also changed over 
the years. The advantages of each are discussed in the 
section that follows. In general, T-tubes are used 
much more frequently now, because they allow the 
patient to breathe and speak relatively normally with 
a plugged tube immediately after surgery. Their use 
requires, however, a great deal of experience on the 
part of the surgeon and nursing staff to avoid T-tube 
complications. 


STENTS 


Over the past 8 years, indications for stenting have 
also evolved to include the following recommenda- 
tions: defects greater than 3096 of the circumference 
of the cricoid require a stent or T-tube; tracheal 
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Fig 4. Incision and elevation of periosteum. A) Pectoralis muscle is cut away from clavicle to expose clavicular periosteum. B) 
Sternal head of sternocleidomastoid muscle is transected, leaving periosteum intact on sternum. Clavicular periosteum is incised 
and elevated. Inset) Degree of periosteum elevation. C) After elevation of periosteum, posterior cut is made from inner surface. 
D) Trachea (and cricoid if necessary) is opened. No tissue is excised. 


defects even greater than 30% of the circumference 
may not require stenting unless they involve more 
than 3 cm of length; and tracheal defects greater than 
6 cm require a T-tube. All patients with prolonged 
endotracheal intubation, an unstable airway, or a 
large defect from invasive thyroid carcinoma or trau- 
ma received a stent or a T-tube. In patients with 
glottic involvement, a Montgomery preformed stent 
was used. For patients with subglottic and tracheal 
defects, a foam-filled homemade rubber glove stent 
was used. 


Absolute indications for T-tube use as both a stent 


and a tracheostomy include patients who cannot 
undergo the usual tracheostomy tube placement (two 
to three rings below the subglottic defect) because of 
technical difficulties created by the presence of the 
sternum. À relative indication for T-tube placement 
can occur in any case of laryngotracheal reconstruc- 
tion. Early patients in this series received more stents 
than T-tubes, but now more T-tubes are used. T-tubes 
are interchangeable with stents, assuming a distal 
tracheostomy can be created. 


Stents and T-tubes each have specific advantages 
and disadvantages (Table 8), and all factors must be 
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weighed before deciding which type of stent to use. 
Generally, stents are easier to use and to manage 
postoperatively, but the patient cannot speak, and 
constant humidification of the airway is required. 
Stents must be carefully secured in place to avoid 
aspiration. T-tubes allow for normal speech and air- 
way humidification and are self-securing, buta good 
deal of familiarity and experience is required to 
achieve precise cutting and fitting of the device. 
Aspiration will occur if the T-tube is cephalad to the 
vocal cords. Placement must be above the reconstruc- 
tion site and below the vocal cords. It is also very 
important to have knowledgeable nursing staff who 
understand the mechanics of a T-tube and know how 
to properly apply suction both cephalic and caudal to 





Fig 5. Completion of reconstruction with 
flap placement and T-tube insertion. A) 
Flap is sutured to one side of trachea with 
3-0 Vicryl suture. B) T-tube or stent is 
now inserted. Precise positioning is cru- 
cial. Proximal extent must be below vo- 
cal cords but above level of stenosis. C) 
Flap is then sutured to other side of tra- 
chea. Inset) Pectoralis muscle is brought 
over clavicle and loosely sutured to con- 
nective tissue. 


the stoma to avoid mucous plugging and obstruction. 
When the upper limb of the T-tube gets plugged or 
when the upper limb hits the undersurface of the cord, 
complications such as obstruction, no speech, and 
vocal cord trauma occur. If the T-tube lies above the 
cords, the patient cannot speak and is at risk for 
aspiration. Low placement causes incomplete stent- 
ing with subsequent restenosis. The T-tube is also 
difficult to change. Because it is not placed within a 
rigid framework, the potential exists for movement of 
the T-tube with healing. Accurate placement at sur- 
gery does not guarantee that the position will be 
maintained over the estimated 6-week period. 


Trauma patients with multiple injuries often re- 
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TABLE 8. STENT VERSUS T-TUBE USE WITH 
STERNOCLEIDOMASTOID MYOPERIOSTEAL FLAP 


Procedure Advantages Disadvantages 
Stent* * Easier to fit * No speech 
* Routine trache- * Tracheostomy-depen- 
ostomy care dent 
e Easy to change tra-— * Requires humidifi- 
cheostomy if obstruc- cation 
tion occurs s Wire securement 
e Sealed system allows 
ventilatory support 
T-tube  » Allows speech e Precise cutting and 
* Normal humidifi- fitting above recon- 
- cation struction and below 
* Self-securing vocal cords 
* Difficulty with subglot- 
tic reconstruction 
(easier with tracheal) 
* Requires nursing 
familiarity 
* Obstruction risk 
e Air leak does not per- 
mit respiratory support 
* Aspiration if T-tube is 
cephalad to vocal cords 


*For those patients with glottic and subglottic stenosis, Montgomery 
preformed stent was used. For patients with subglottic and tracheal 
defects, foam-filled homemade stent was used. 


quire prolonged ventilation and continuous positive 
airway pressure. T-tubes cannot provide a sealed 
system and are therefore not recommended in these 
patients. A stent and a tracheostomy tube are prefer- 
able. 


DISCUSSION 


Procedures designed for the repair of laryngotra- 
cheal defects are varied, but share the common goal 
of providing a stable airway with preservation of 
normal phonation. Deciding on the proper procedure 
for reconstruction depends on the extent and location 
of the lesions and the surgeon's preference. It is not 
uncommon for some options to be used up by previ- 
ous reconstruction attempts, trauma that disrupts the 
strap muscle, or previous surgery of other kinds. A 
balance between the risk of the procedure and the 
severity of the disease must be considered as well. 


Optimal reconstruction of the laryngotracheal com- 
plex addresses or includes the following consider- 
ations: 


1. The use of pliable material. 


2. Theuse of fibrous and elastic material for creation 
of an airtight seal and a tension-free suture line. 


3. The use of rigid material for prevention of airway 
collapse. 


4. The use of vascularized material to minimize the 
possibility of flap necrosis or resorption and sub- 
sequent contraction. 


5. Epithelialization of the intraluminal surface. 
6. A single-stage procedure. 


7. One surgical field, to reduce the risk of infection 
and trauma to the patient. 


8. A reproducible procedure that can be performed 
with relative technical ease by any qualified head 
and neck surgeon. 


The sternocleidomastoid myoperiosteal flap pro- 
cedure satisfies seven of the eight criteria listed 
above, lacking an intraluminal epithelialized surface. 


Other procedures for laryngotracheal reconstruc- 
tion include repeated dilation or laser vaporization of 
soft tissue stenoses, the microtrapdoor technique*° 
using the carbon dioxide laser, primary thyrotracheal 
anastomosis,’ prosthetic interpositional or segmen- 
tal grafts,®-!2 the composite graft technique!> using 
an autologous mucosal cyst and cortical bone, other 
autologous grafts such as nasal septum or epiglot- 
tis,!+18 the sternohyoid myocutaneous rotary door 
flap,1920 and the hyoid transposition flap.2!,22 Each 
procedure meets some of the criteria for an optimal 
flap, although no one procedure satisfies all the 
criteria. 


All of the procedures have been reported to be 
successful by their proponents, with variable compli- 
cation rates. Complications include leakage around 
the suture line, infection, scar formation with reste- 
nosis, hemorrhage from erosion of grafts into adja- 
cent vessels, flap necrosis, and others. 


CONCLUSIONS 


Although multiple techniques for laryngotracheal 
reconstruction are available, all have limitations. It is 
necessary to be knowledgeable about several tech- 
niques. Experience with the sternocleidomastoid 
myoperiosteal f1ap23-26 has affirmed its use for major 
defects including large segments of trachea. Most 
large defects require either a classic stent or a T-tube, 
as discussed. The flap is available for secondary 
procedures after its own failure and after other proce- 
dure failure (eg, after hyoid transposition failure). 
Theoretically, it can be used after any other kind of 
procedure, assuming that the sternocleidomastoid 
muscle is intact. It cannot be used after radical or 
modified neck dissection. The sternocleidomastoid 
myoperiosteal flap satisfies most of the criteria for an 
optimal flap, with good long-term results. Complica- 
tions that have been encountered have led to modifi- 
cations in an attempt to decrease morbidity. 
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Interleukin-2 (IL-2) and interferon-a (INF-o) are biologic modifiers that have met with limited clinical success in the treatment of 
human malignancies. We conducted a phase 2 trial of IL-2~IFN-a in patients with advanced or unresectable squamous cell carcinoma 
of the upper aerodigestive tract. Two patients were analyzed sequentially for serum induction phase-blocking factors of lymphokine- 
activated killer (LAK) cell activity in their therapy. Serum also modulated LAK activity independent of autologous or allogeneic effector 
cells. Significantly inhibitory serum samples were stable in multiple freezings and thawings. Heat-treating the inhibitory serum, at 56*C 
for 30 minutes, only partially removed the serum inhibitory capacity. Sequential analysis of p55 and p75, subunits of IL-2 receptors, 
showed that absence of effector cell lytic activity was associated with markedly decreased fluorescence of the IL-2Rp75 subunit only. 
No significant alteration of the IL-2Rp55 subunit occurred with therapy. These studies support the theory that lymphocyte and multiple 
serum factors, developing during IL-2-IFN-a therapy, regulate the induction of in vitro LAK activity. Further understanding of these 


factors may lead to improvements in biologic modifier therapy. 


KEY WORDS — biologic modifiers, interferon-a, interleukin-2, interleukin-2 receptor, lymphokine-activated killer cell. 


INTRODUCTION 


Serologic factors that block the induction of lym- 
phokine-activated killer (LAK) cells remain to be 
identified. To date, the unidentified inhibitory induc- 
tion factors have been demonstrated to act in a dose- 
dependent fashion,!4 and their inhibition can be 
reversed by high recombinant interleukin-2 (rIL-2) 
doses. The presence of these induction phase-block- 
ing factors was demonstrated by Itoh et al! in patients 
with metastatic melanoma, but was not seen in pa- 
tients with only primary disease or in patients used as 
controls. Serologic inhibition of the induction phase 
was also seen, to a variable degree, in all patients with 
squamous cell carcinoma of the head and neck.* The 
inhibitory mechanisms of these in vitro serologic 
factors and their relationship to the limited clinical 
response, in instances in which biologic response 
modifiers are used, remain to be established. 


Interleukin-2 (IL-2) may function as a growth- or 
differentiation-stimulating agent for various hemo- 
poietic cells, including T cells,56 B cells,^ natural 
killer (NK) cells,?19 and monocytes.1.1? These ef- 
fects are mediated by the high-affinity or intermedi- 
ate-affinity IL-2 receptor, but not by the low-affinity 
receptor. The high-affinity receptor is proposed to be 
a complex of at least two different subunits: IL- 


2Rp55 (p55) and IL-2Rp75 (p75), the intermediate- 
affinity receptor of only the p75 unit, and the low- 
affinity receptor of only the p55 unit.15-!7 Following 
the development of a mouse monoclonal antibody 
(MAb) named TU27 MAb, specific for human p75,18 
we analyzed the expression of the p75 and p55 
receptors in patients receiving continuous intrave- 
nous infusion rIL-2 and intramuscular interferon-a 
(IFN-a) immunotherapy. Additionally, the relation- 
ship between receptor expression and in vitro cyto- 
toxic potential and induction cytotoxic capacity was 
investigated. The results demonstrate that serologic 
factors modulate LAK induction independently of 
IL-2Rp75 and IL-2Rp55 expression. 


MATERIALS AND METHODS 


Populations Studied. The two patients studied in a 
phase 2 trial of IL-2-IFN-« had squamous cell carci- 
noma of the upper aerodigestive tract confirmed by 
biopsy. The tumors of both patients were considered 
nonresectable. Neither patient had been previously 
treated with biologic response modifiers; both, how- 
ever, had received radiotherapy, the last treatment 
occurring at least 4 months prior to the initiation of 
rIL-2-IFN-a therapy. 


Patient 1 was a 68-year-old man with locally 
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recurring laryngeal squamous cell carcinoma. Pa- 
tient 2 was a 46-year-old woman with regional and 
distant recurrent laryngeal squamous cell carcinoma. 
Patients signed consent forms approved by the Sur- 
veillance Committee of the University of Texas M. 
D. Anderson Cancer Center. Lymphocyte values and 
cytotoxicity standards were based on those of six 
healthy, nonsmoking individuals (four men and two 
women) ranging from 24 to 57 years old. 


Study Design. Patients were treated with rIL-2 
given by continuous intravenous infusion at a dose of 
3.0 x 10° U/m? per day on days 1 through 4, 8 through 
11, and 15 through 18. Each 18-day treatment consti- 
tuted one cycle. Interferon-a was administered intra- 
muscularly at a dose of 5 x 10$ U/m?per day each day 
that rIL-2 was given. Cycles were repeated following 
a 2-week rest, depending on the absence of disease 
progression and of significant toxicity. 


Peripheral Blood Lymphocyte Preparation. Pe- 
ripheral blood lymphocytes (PBLs) were harvested 
as previously described by Bugis et al.^ Monocytes 
were removed from the mononuclear cell suspension 
by their characteristic adherence to plastic. Recov- 
ered lymphocytes were stored overnight at 4°C. Vi- 
ability of cell fractions following storage was greater 
than 95% as determined by trypan blue exclusion. 
Lymphocytes for receptor analysis were fresh-frozen 
and stored in liquid nitrogen for simultaneous stain- 
ing and analysis. 


A gibbon monkey lymphocyte cell line, MLA 144, 
was maintained in RPMI 1640 with 1046 heat-inacti- 
vated fetal calf serum (FCS) and used as a positive 
control for the p75 IL-2 receptor. 


Treatment of Serum.Samples of serum were drawn 
synchronously with PBLs. The samples to be used 
within 24 hours were stored overnight at 4^C. The 
remaining serum samples were divided into aliquots 
and stored at -70°C. Heat-inactivated serum experi- 
ments were performed by heating serum at 56°C for 
30 minutes. 


Biologic Agents. Recombinant IL-2 and IFN-a 
were both provided by Hoffmann-LaRoche (Nutley, 
NJ). The National Cancer Institute Biological Re- 
sponse Modifiers Program standard specific activity 
of IL-2 was 1.5 x 10’ U/mg protein. The specific 
activity of IFN-a was 2 x 108 U/mg protein. All 
systemic infusions of IL-2 were performed through 
. central venous catheters. 


LAK Activation. Recombinant IL-2 was added at a 
` concentration of 10 U/mL to PBLs at a concentration 
: .of 1 x 106 cells per milliliter, in 24-well plates. The 
PBLs were incubated at 37°C in 5% carbon dioxide 
(cdor 6 days (previously determined as the optimum 


period), recovered, and resuspended in complete 
medium (CM). Recovery after incubation averaged 
80% (range, 65% to 100%). 


Target Cells. K-562 cells, an established myeloid 
tumor cell line that is both NK- and LAK-sensitive, 
were cultured with RPMI 1640 supplemented with 
10% FCS. MDA-686-Ln, a squamous cell carcinoma 
cell line resistant to NK but sensitive to LAK cells, }9 
was maintained in Dulbecco’s modified Eagle’s 
medium (DMEM) with nutrient mixture Ham’s F-12 
with 10% FCS. On the day of labeling, 2 x 106 target 
cells were labeled with 100 mCi radioactive sodium 
chromate (sodium [>!Cr]chromate, specific activity 
500 Ci/mg, Amersham, Arlington Heights, III) for 
1.5 hours in a total volume of 300 pL. The 1 x 10° 
target cells were assessed for total uptake of chro- 
mium on a gamma counter (Packard Instruments, 
Downers Grove, Ill; results, 5,000 to 7,000 cpm). 
Maximum release of target cells was determined by 
adding 50 uL of target cell preparation to 150 pL of 
Triton X-100 and allowing the mixture to sit for 4 
hours at room temperature prior to harvesting. 


Cytotoxicity Assay. A standard 4-hour °!Cr-re- 
lease assay was used to test cytotoxicity, as previ- 
ously described by Schantz et al.?9 Effector-target 
ratios from 6:1 to 25:1 were achieved in triplicate in 
flat-bottomed microtiter wells. Dose-response induc- 
tion experiments using autologous serum (AS) con- 
centrations from 6.25% to 50% were implemented at 
effector-target ratios of 12:1. Dose-response experi- 
ments using FCS and control serum solutions from 
6.25% to 50% were carried out to analyze serum 
effects. Following a 4-hour incubation, 100-pL ali- 
quots were removed from each well, and their release 
of 5!Cr was counted on a gamma spectrometer (Pack- 
ard Instruments). Cytotoxicity expressed as a per- 
centage was determined with the following formula: 


% Cytotoxicity = [(Experimental cpm — Spontaneous 
cpm)/(Maximum cpm — Spontaneous cpm)] x 100 


Spontaneous release of 5!Cr, measured by incu- 
bation of target cells with RPMI 1640 with 1096 FCS 
(or DMEM F12 with 10% FCS) for 4 hours, was rou- 
tinely 5% to 9% for K-562 and 10% to 14% for MDA- 
686-Ln. 


As in prior studies, induction-phase modulation 
of the LAK phenomenon was calculated as follows: 


% Induction Inhibition = [(% Cytotoxicity in CM 
[Induction] —- % Cytotoxicity in AS [Induction]Y 
% Cytotoxicity in CM [Induction]] x 100% 
Immunophenotypic Labeling and Analysis.'Thawed 
PBLs were labeled with MAbs according to the 
manufacturer's specifications for flow cytometric 
analysis. 
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Fig 1. (Patient 1) Percentage of induction inhibition (at 25:1 effector-target ratio) produced by serum samples at cycle 1 of therapy. 
A) With four autologous lymphocyte samples obtained at 1-week intervals during second cycle of therapy. Included are autologous 
results also obtained at time of therapy (cycle 1). B) With four samples of allogeneic lymphocytes from noncancer controls and 


two from cancer patients. 


Statistics. Serum inhibition was analyzed by using 
a paired ¢ test. Pearson's correlation was used to 
determine the relationship between induction inhibi- 
tion and receptor expression. 


Monoclonal Antibodies. Mouse MAbs used were 
TU27 MAb (IgG1) specific for human IL-2Rp75!8 
and phycoerythrin (PE)-conjugated CD25 (Becton 
Dickinson Monoclonal Center, Mountain View, Cal- 
if) specific for IL-2Rp55. Noncancer control lym- 
phocytes and MLA 144 were used as positive recep- 
tor controls.?! Receptors were stained for single- 
color and two-color fluorescence analysis. Isotype- 
matched f luorescein isothiocyanate (FITC) and strep- 
tavidin PE-conjugated antibodies were used as con- 
trols to exclude Fc-related binding; all procedures 
were performed at 4°C. Indirect staining strategy was 
used for the p75 receptor with goat anti mouse IgG. 
Briefly, primary staining of lymphocytes with TU27 
MAb was performed at 4°C. Secondary staining with 
biotinylated goat anti mouse reagent and subsequent 
labeling with streptavidin PE (Becton Dickinson, 
Sunnyvale, Calif) were performed. Nonspecific bind- 
ing was blocked with excess IgG1 (Cappel Laborato- 
ries, Cochranville, Pa, and Cooper Biomedical, Mal- 
vern, Pa). The cells were then washed twice, fixed, 
and stored at 4°C in the dark until analyzed. Labeled 
cells were filtered for debris through nylon mesh. 
Analysis was performed by FACScan flow cytometry 
(Becton Dickinson Immunocytometry Systems, 
Mountain View, Calif). On the basis ofthe character- 
istic forward- and wide-angle light scatter patterns, 
electric gates were set on the lymphocytes. 


RESULTS 


Autologous Serum LAK Induction Experiments. 
Ten percent AS was added to PBLs harvested from a 


patient during IL-2-IFN-a therapy, as follows. 
Weekly serum samples and lymphocyte cultures were 
obtained from patients during IL-2-IFN-a therapy. 
Serum samples were stored at -70°C on days 1, 8, 15, 
and 22 (day 1 = pretreatment) and were then tested 
for induction modulation on lymphocytes from days 
36, 43, 50, and 57. These results were then compared 
with those previously obtained from lymphocytes 
from days 1, 8, 15, and 22 (Fig 1A). Induction 
inhibition was reproducible on autologous lympho- 
cytes. No alteration in induction inhibition was noted 
when fresh samples stored at 4°C were compared 
with those stored at -70°C (data not shown). Re- 
peated thawing (maximum number of thaws per- 
formed was four) and refreezing to -70°C did not 
alter serum induction inhibition (data not shown). 


Allogeneic Serum LAK Induction Experiments. 
The PBLs of two patients with head and neck cancer 
and four control noncancer patients were activated in 
the identical 10% allogeneic serum as previously 
employed. Although the nascent CM induction capa- 
bility of lymphocytes varied among individuals, the 
induction modulation of 10% serum, independent of 
the lymphocyte source (Fig 1B), appeared similar. 


In addition, markedly inhibitory serum (>75% 
inhibition) produced significantly reduced viability 
of harvested activated cells in both autologous and 
allogeneic systems, as compared with CM LAK 
standards (p < .001). 


Heat-Induced Changes in Induction Modulation. 
Serum samples stored at -70°C were thawed to 4°C 
and used in parallel induction experiments in autolo- 
gous and allogeneic systems. In addition, parallel . 
experiments used thawed serum specimens heated to = : 
56°C for 30 minutes (Table 1). Inhibitory serdm 
samples were significantly reversed by heat inacti ZR 


^A» 
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TABLE 1. CYTOTOXIC ACTIVITY OF 10 U/mL INTERLEUKIN-2-ACTIV ATED PERIPHERAL BLOOD LYMPHOCYTES 
INDUCED WITH KNOWN INHIBITORY SERUM AND HEAT-INACTIVATED SERUM 


% Cytotoxicity* 
Of Of 
Heat- Heat- 
Subject Of Of Of Inactivated Inactivated 
No. CM LAK Serum LAKT AS LAK Serum LAK} AS LAK % Change$ 
Controls 1 27 5 22 63 
2 65 3 50 72 
3 67 40 61 31 
4 38 14 26 32 
Cancer patients 1 39 10 24 36 
2 38 13 22 23 
l 68 4 52 70 


Peripheral blood lymphocytes (2 x 10° cells/mL) were incubated for 6 days in 10 U/mL interleukin-2 in 10% homologous (or autologous) serum. 
Cells were harvested and washed three times in cold medium prior to standard *!Cr release assays. 


CM — complete medium, LAK — lymphokine-activated killer cells, AS — autologous serum-induced. 


*Percentage cytotoxicity at 25:1 effector-target ratio. 
tPatient 1 serum. 


§Differences between percentage of inhibition of lytic activity of activated peripheral blood lymphocytes induced in untreated serum and that in heat- 


treated serum. 


tion; however, in no instance was inhibitory potential 
completely reversed to a CM equivalent. 


Expression of IL-2R Subunits on Peripheral Blood 
Lymphocytes. Expression of p55 and p75 was exam- 
ined simultaneously on pretherapy and posttherapy 
lymphocytes by single-color and two-color flow 
cytometry. Analysis of fresh and frozen control lym- 
phocytes showed that both the p75 and p55 receptors 
were stable in freezing (data not shown). However, 
single-color as compared with two-color flow analy- 
sis showed that in every instance, labeling of the p55 
receptor sterically competed with expression of the 





di 
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p75 receptor (Fig 2). 


Sequential analysis of p75 and p55 receptors 
showed a significant decrease in fluorescence inten- 
sity of IL-2Rp75 on day 42 of therapy (patient 1). At 
this time, the patient's lymphocytes were not stimu- 
latable with 10 U/mL of IL-2 (Table 2). Some recov- 
ery of receptor and activation potential did return, 
however, as therapy continued, No significant alter- 
ation of the IL-2Rp55 receptor occurred with therapy. 


DISCUSSION 
This study provides increasing evidence regarding 


ig* 1n* 
FLI 


Fig 2. Contour plots. A) Representative single-color IL-2Rp75 plot. B) Corresponding two-color-parameter run plots 
employing IL-2Rp75 and IL-2Rp55 staining. Two-parameter analysis prevented visualization of previously visualized 


IL-2Rp75 receptor fluorescence as seen in A. 
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TABLE 2. INTERLEUKIN-2 RECEPTOR FLUORESCENCE INTENSITY, ABSOLUTE LYMPHOCYTE COUNT, AND 
STIMULATION POTENTIAL OF PERIPHERAL BLOOD LYMPHOCYTES OBTAINED SEQUENTIALLY FROM TWO 
PATIENTS DURING INTERLEUKIN-2-INTERFERON-o IMMUNOTHERAPY 


Patient Day of 
No. Therapy IL-2Rp75* 

1 l 88 
8 93 

22 91 

36 59 

42 23 

49 92 

56 80 

70 70 

T7 72 

2 1 40 
8 35 

15 54 

22 70 


N/A — not available. 
*Expressed as log fluorescence intensity of gated populations. 


Absolute 
Lymphocyte 

IL-2Rp55* LU/10 Cellist Count§ 
27 454 0.9 
26 356 5.9 
29 166 14.7 
5 147 2.1 
7 «1 9.8 
23 95 9.0 
19 57 12.0 
29 53 2.6 
30 139 10.2 
34 N/A 0.8 
50 300 0.8 
40 N/A 1.2 
40 172 2.4 


fLytic unit (LU) represents number of complete medium 10 U/mL IL-2-induced fresh PBLs required to lyse 25% of target cells. 


Cells x 102/mm?. 


theability of serum from patients with advanced head 
and neck malignancies both to inhibit the in vitro 
induction of activated killer cells (expressed as the 
percentage of activity of medium-treated control 
cells) and similarly to inhibit the in vitro induction of 
allogeneic lymphocytes. Although this study showed 
that some of this serum's inhibitory capacity could be 
removed by heating at 56°C for 30 minutes, the 
residual inhibitory capacity supports the theory that 
multiple substances possess inhibitory potential, as 
previously reported.2 Furthermore, the stability of 
these substances to repeated thawings and freezings 
was established. Although insufficient serum exists 
for serum component separation or immunochemical 
analysis, further studies on similarly treated patients 
are in order. 


Limitations of patient samples often present in 
studies such as this and create a dilemma in extrapo- 
lation of data from a small patient sampling. How- 
ever, although only two patients could be analyzed in 
this manner, thisreport may stimulate further focus or 
validation of these findings. 


Theexhibition of induction inhibition independent 
oflymphocyte source (autologous versus allogeneic) 
has helped focus attention on serum factors. Al- 
though the CM LAK lytic capacity varied depending 
on lymphocyte source, markedly inhibitory serum 
reproducibly inhibited lymphocyte activation. The 
reduction of viability of AS-induced LAK, when 
greater than 75% inhibitory serum was employed, 


compared with CM LAK, would support either the 
development of anti-IL-2 antibodies or IL-2 receptor 
blockade or the shedding of IL-2 receptor sites. 
However, as in previous studies, we found no alter- 
ation in IL-2Rp55, and although there were changes 
inIL-2Rp75, CMLAK cells did not reveal decreased 
viability with lowered p75 receptor fluorescence, as 
did their counterparts. 


Serum induction toxicity to lymphocytes was seen 
in four other patients who received more than one 
cycle of therapy.2* Additionally, inhibition greater 
than 7596 was not seen in patients with squamous cell 
carcinoma prior to biologic response modifier therapy 
or in patients used as controls.2? These inhibitory 
serum substances that appeared during therapy were 
also found to be most prominent when systemic IL- 
2-IFN-a toxicity was greatest.22 In prior studies, 
induction inhibition could be temporarily removed 
by plasmapheresis; we have seen, however, that 
patients exhibiting markedly inhibitory serum may 
present in a period of 1 to 3 weeks without inhibitory 
potential. 


Other methods may potentially be employed that 
may circumvent the evolution of blocking factors. 
For example, IL-2 analogs have been developed and 
are presently being analyzed in vitro (E. Grimm, 
personal communication, 1992). These analogs have 
directed receptor specificity for the p75 receptor and 
may reduce the development of blocking factors. By 
employing different methods, blocking factors may 
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potentially be neutralized, targeted for degradation, 
or by MAbs prevented from development by means 
of antisense techniques. All of these methods would 
require further studies defining these factors and 
determining their mechanism of inhibition. 


Although serum induction inhibition may be re- 
versed in vitro with increasing doses of rIL-2, in vivo 
institution of escalating doses of rIL-2 is fraught with 
significant toxicities. Examining this biologic sys- 
tem directed us to investigate the p75 lymphocyte 
receptor alteration with continuous-infusion rIL-1— 
IFN-a immunotherapy. In a system that may repre- 
sent a lymphokine biologic cascade, it appears em- 
piric that a down-regulatory phenomenon might oc- 
cur in this nonphysiologic lymphokine state. This 
feedback regulation could produce decreased secre- 
tion or production of secondary lymphokines or de- 
creased receptor expression or function. This study 
did show a discrete trend in p75 fluorescence with 
therapy. However, with continued rIL-2-IFN-a treat- 
ment, variable receptor fluorescence was exhibited. 
Additionally, some rebound in in vitro induction 
potential was expressed with increased receptor ex- 
pression, although not to the lytic potentials ex- 





pressed earlier in therapy. Importantly, our efforts to 
perform two-color analysis of the p75 and p55 recep- 
tors were unsuccessful. This inability prevented our 
analysis of the high-affinity receptor. The inhibition 
of simultaneous receptor expression may be due 
solely to the bulky nature of immunoglobulin and 
fluorescent labels with relation to the p75 and p55 
receptor sites’ proximity. 


In summary, this study supports the theory that 
multiple serum factors are involved in the inhibition 
of LAK cell induction. Although at least one of these 
factors was heat-labile, residual serum induction in- 
hibition after heating supports the existence of mul- 
tiple factors. In addition, although nascent lympho- 
cyte potential varies, the decreased p75 receptor 
expression seen was related to decreased CM LAK 
induction capacity at its lowest expression. Some 
recovery of the p75 receptor fluorescence was seen 
with continued immunotherapy, although recovery 
of CM LAK induction capacity recovered incom- 
pletely. The relationship of these inhibitory serum 
factors and p75 receptor expression to the limited 
clinical response rates of immunotherapy trials re- 
mains to be established. 
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BILATERAL CHOANAL ATRESIA ASSOCIATED WITH 
MALFORMATION OF THE ANTERIOR SKULL BASE: 
EMBRYOGENESIS AND CLINICAL IMPLICATIONS 


MICHAEL E. DUNHAM, MD ROBERT P. MILLER, MD 
CHICAGO, ILLINOIS 


A number of craniofacial and systemic malformations have been described in association with choanal atresia. We report a case of 
bilateral choanal atresia associated with congenital absence of the cribriform plate, crista galli, and perpendicular plate of the ethmoid 


KEY WORDS — choanal atresia, congenital anomaly, cranial base. 


INTRODUCTION intubated and breathing spontaneously. His vital si gns 

Bilateral choanal atresia is usually part of a gener- were normal and his weight was 3.2 kg (50th percen- 
alized malformation ofthe central maxillofacial struc- tile). A routine eye, ear, nose, and throat examination 
tures. Associated anomalies include narrowed nasal F evealed normal findings. There was no facial dysmor- 
cavities due to medial displacement of the lateral phism. A small feeding catheter could not be passed 
nasal walls, arched palate, decreased nasopharyngeal through either nostril. The chest was clear to auscul- 


depth, and encephalocele. Choanal atresia has also tation. Heart auscultation revealed a grade 2/6 systol- 


beenreported with craniofacial dysmorphism, includ- 
ing Down, Treacher Collins, Apert, and oral-facial- 
digital syndromes and Crouzon's disease. 


Nasal ethmoidal encephalocele may occur with 
choanal atresia. However, anterior skull base defects 
without an encephalocele have not been reported. We 
present a case of a child with bilateral choanal atresia 
and a midline anterior skull base defect detected with 
high-resolution computed tomography (CT). The 
clinical implications of the defect and its relevancy to 
existing theories of embryogenesis are discussed. 


CASE REPORT 


The patient was a boy delivered at term to a 25- 
year-old G3, P2, A0 mother by repeat cesarean sec- 
tion. His Apgar score was 9/9 at 1 and 5 minutes. In 
the nursery the child developed tracheal tugging, 
intercostal retractions, and cyanosis. His respiratory 
distress responded to intubation with a 3.0-mm (in- 
side diameter) endotracheal tube. The pediatrician 
was unable to pass a nasogastric tube through either 
nostril, and the pediatric otolaryngology service was 
consulted for suspected choanal atresia. 





i Am "P Fig 1. Computed tomogram of nasal cavities demonstrat- 
During the initial examination the patient was ing bilateral bony choanal atresia. 


From the Division of Pediatric Otolaryngology, Children's Memorial Hospital, Chicago, Illinois. 
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Fig 2. Three-dimensional reconstruction of skull base 
computed tomogram during contrast cisternography (1.0- 
mm coronal cuts). Note midline anterior defect with 
absence of cribriform plate, crista galli, and perpendicular 
plate of ethmoid bone (long arrow). Note flaring of poste- 
rior vomer (short arrow). 


ic murmur. The limbs and external genitalia were 
normal. 


Initial laboratory screening tests showed a hemo- 
globin of 11 g. Hemoglobin electrophoresis was con- 


t 


Fig 3. Transpalatal removal of atresia plate. 


sistent with hemoglobin C trait. The chest radiogram 
and an echocardiogram were within normal limits. 
The cardiology service evaluated the patient and felt 
that there was no evidence of a structural cardiac 
defect. Results of auditory brain stem evoked testing 
were normal. 


Computed tomography of the nasal cavities was 
performed with 1.5-mm transverse cuts. Bilateral 
posterior choanal atresia was confirmed (Fig 1). The 
atretic plates were bony and were associated with 
narrowing of the nasal cavities and flaring of the 
posterior vomer. The radiologist noted a question- 
able soft tissue density in the nasopharynx on one 
section. 


Contrast (iohexol) cisternography with CT was 
performed by using 1.0-mm coronal cuts. Subarach- 
noid contrast did not extend into the nasopharynx, 
and there was no evidence of a nasal frontal or 
ethmoidal encephalocele. However, there was ab- 
sence of the crista galli, cribriform plate, and perpen- 
dicular plate of the ethmoid. The midline deformity 
was demonstrated clearly on the three-dimensional 
reconstructions of the anterior skull base (Fig 2). 


In view of the atretic plate composition and the 
associated skull base defect, it was felt that immedi- 
ate transnasal repair was contraindicated. Tracheot- 
omy was performed at age 2 weeks. Direct laryn- 
goscopy and bronchoscopy at the time of the trache- 
otomy revealed no other airway anomalies. The pa- 
tient was discharged from the hospital at age 5 weeks. 


At age 6 months, the child underwent transpalatal 
repair of his bilateral choanal atresia (Fig 3). Intra- 
operative telescopic endoscopy did not reveal a naso- 
pharyngeal mass. The choanae have remained patent 
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Fig 4. A-F) Normal embryogenesis of A-C) nasal cavities and D-F) posterior choanae. G,H) Aberrant neural crest cell migration 


and choanal atresia. 


through 8 months of follow-up, and the child has been 
decannulated. 


DISCUSSION 


Embryogenesis of Choanal Atresia and Skull Base 
Deformities. During the sixth gestational week, the 
nasal placodes invaginate to form the nasal pits (Fig 
4A). As the surrounding facial mesenchyme grows to 
form the medial and lateral nasal prominences, the 
nasal pits deepen and become the nasal sacs (Fig 4B). 
Initially, the nasal sacs are separated from the oral 
cavity by the oronasal membrane. The primitive 
choanae form when the oronasal membrane ruptures 
and the nasal cavities communicate with the oral 
cavity at the level of the primary palate. After the 
palatal shelves fuse to form the secondary palate, the 
definitive choanae are located at the junction of the 
posterior nasal cavity and the nasopharynx. 


While the membranous nasal cavities are develop- 
ing, neural crest cells migrate from the dorsal neural 
folds into the region of the developing facial pro- 


cesses (Fig 4D,E). Once positioned, these cells pro- 
liferate rapidly and differentiate into the cartilagi- 
nous framework of the skull base and nasal vaults 
(Fig 4F). The cartilaginous neurocranium, or chon- 
drocranium, forms the early skull base by fusion of 
several primitive cartilages. These include the paired 
trabeculae cranii, which form the body of the ethmoid 
bone and cribriform plate. Later, the bony skull base 
develops by endochondral ossification of the fused 


cartilages. 


Several theories of abnormal embryogenesis at- 
tempt to explain choanal atresia. Most reports men- 
tion persistence of the oronasal membrane as the 
likely cause, but recent authors have recognized 
defects in this theory. It does not adequately address 
thecraniofacial abnormalities associated with choanal 
atresia and does not fit existing data regarding the 
embryogenesis of the CHARGE association. 


In 1982 Hengerer and Strome! proposed the meso- 
dermal flow theory of choanal atresia. The theory 
states that there is abnormal migration of neural crest 
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cells into the region of the developing facial pro- 
cesses (Fig 4G). Subsequently, the nasal sacs fail to 
achieve the proper relationship to the developing 
nasal vault and never communicate with the naso- 
pharynx (Fig 4H). The mesodermal flow theory 
adequately explains a number of local anatomic find- 
ings associated with choanal atresia, including arched 
palate, medial displacement of the lateral nasal walls, 
and decreased nasopharyngeal depth. Abnormal 
embryogenesis of neuroectodermal cell lines may 
also explain the anomalies grouped in the CHARGE 
association.” 


Considering the mesodermal flow theory, various 
skull base defects might be expected in children with 
choanal atresia. Excess migration of nasal crest cells 
into the developing nasal septum and posterior choanal 
region might occur at the expense of cells that would 
otherwise form the rest of the ethmoid complex. 
Previous reports have documented choanal atresia 
associated with encephalocele and facial dysmor- 
phism.? However, there have been no previous re- 
ports of the isolated anterior skull base defect seen in 
this case. Since detailed imaging of the anterior skull 
base is usually not part of an evaluation for choanal 
atresia, previous cases of this defect may have been 
undetected, 


Clinical Implications for Choanal Atresia. Bilat- 
eral choanal atresia presents at birth with cyclic 
respiratory distress aggravated by feeding. If conser- 
vative management with an oral airway fails to re- 
lieve respiratory obstruction, the infant is intubated 
and evaluated for other congenital anomalies. The 
managing surgeon may elect to delay repair until the 
child is older, if the airway can be maintained through 
the period of obligate nasal breathing. Cases compli- 


cated by multiple anomalies may require tracheot- 
omy. 


Computed tomography has become the accepted 
method for evaluating choanal atresia.4 Standard 
transverse CT assesses the position, composition 
(bony or membranous), and thickness of the atretic 
plate. It also detects septal malformation and the 
dimensions of the posterior nasal cavity and naso- 
pharynx. Three-dimensional CT reconstructions have 
recently improved the surgeon’s preoperative assess- 
ment of complex craniofacial anomalies. As in the 
case presented here, they can provide a detailed view 
of skull base anomalies associated with choanal 
atresia. Future application of three-dimensional CT 
may reveal a higher incidence of these deformities 
than has been previously recognized, 


Most of the literature regarding choanal atresia 
addresses the relative advantages and disadvantages 
of transnasal or transpalatal repair. The commonly 
cited advantages of the transpalatal approach are 
improved exposure and the preservation of mucosal 
flaps along the newly formed apertures. Transnasal 
repair requires less operating and convalescent time 
and does not interfere with the suture lines of the 
developing palate. Intracranial injury can occur with 
either approach. However, for patients with anterior 
skull base deficiencies, the increased exposure avail- 
able during the transpalatal procedure probably de- 
creases the risk of transcranial injury. In the case 
presented here, we elected to secure the airway with 
a tracheotomy because of the severe respiratory dis- 
tress and the associated skull base deformity. After 
careful radiographic and endoscopic assessment, the 
transpalatal repair was accomplished without com- 
plications. 
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LARYNGEAL ADENOCARCINOMA, NOT OTHERWISE SPECIFIED, 
TREATED WITH CARBON DIOXIDE LASER EXCISION AND 
POSTOPERATIVE RADIOTHERAPY 


PHILLIP J. HABERMAN, MD 
OMAHA, NEBRASKA 


REX S. HABERMAN II, MD 
MINNEAPOLIS, MINNESOTA 


Glandular carcinomas of the larynx are aggressive neoplasms that comprise less than 146 of all laryngeal malignancies. Adeno- 
carcinoma, not otherwise specified, is the most common histologic type. The rarity of these lesions has prohibited clarification of 
definitive therapy. Traditionally, radical surgery is performed because of the usually high stage at presentation and the relative 
insensitivity to radiotherapy. A case of glottic T1 adenocarcinoma, not otherwise specified, is reported. The tumor presented clinically 
as a vocal fold granuloma. The treatment modalities included endoscopic excision with the carbon dioxide laser and postoperative 
radiotherapy. The patient has been followed up for 39 months without evidence of recurrence or metastases. The current literature is 


reviewed in regard to treatment of laryngeal glandular carcinomas. 


KEY WORDS — adenocarcinoma, carbon dioxide laser, glottis, larynx, review. 


INTRODUCTION 


Carcinomas of the submucosal seromucous glands 
of the larynx are very rare lesions that comprise less 
than 1% of all laryngeal malignancies.! In general, 
these tumors will be referred to as glandular carcino- 
mas instead of the usual term adenocarcinoma. We 
hope this will avoid any confusion concerning the 
histologic subtype of adenocarcinoma, not otherwise 
specified (NOS). Three histologic patterns are most 
commonly reported: adenocarcinoma NOS (46%), 
adenoid cystic carcinoma (ACC; 30%), and muco- 
epidermoid carcinoma (16%).? The location of these 
tumors within the larynx follows the distribution of 
the laryngeal glands. These glands are particularly 
concentrated in the false vocal folds and inferior to 
the anterior commissure.’ They are only rarely found 
in the true vocal folds. Correspondingly, most glan- 
dular carcinomas are either supraglottic (50%) or 
subglottic (25%). Only a distinct minority will be 
glottic.2 Adenocarcinoma NOS has a distinct predi- 
lection for being supraglottic, a fact that sometimes 
makes partial laryngectomy a possibility with these 
tumors.* Only two cases of glottic adenocarcinoma 
NOS have been previously reported.5 The clinical 
symptoms produced by glandular carcinoma are simi- 
lar to those of laryngeal malignancies in general. 
Most lesions are large, nonulcerated masses causing 
sore throat, hoarseness, dysphagia, and/or airway 
obstruction. They are aggressive neoplasms, usually 
stage III or IV at presentation, with frequent cervical 
lymph node and distant metastases.>-? The most com- 
mon distant metastatic sites include liver and lung. 


Average survival is approximately 2 years,? and the 
5-year survival rate is a dismal 1796.5 Because laryn- 
geal glandular carcinomas are so rare, only anecdotal 
reports describing treatment have been reported. The 
most widely recommended therapy has been radical 
surgery.457.8 


In carefully selected patients, endoscopic laser 
excision is a proven form of therapy for glottic T1 
squamous cell carcinoma of the larynx? No experi- 
ence with this technique has been previously reported 
for any early glandular carcinoma of the larynx. We 
report a case of glottic T1 adenocarcinoma NOS 
treated with endoscopic laser excision and postopera- 
tive radiotherapy. No recurrence or metastasis has 
occurred in 39 months of follow-up. 


CASE REPORT 


A 74-year-old man presented with a 3-month his- 
tory of persistent hoarseness. No history of dysphagia, 
odynophagia, or otalgia was obtained. He had smoked 
one pack of cigarettes per day for 40 years, but had 
quit smoking 2 years prior to presentation. There was 
no history of alcohol abuse. He had previously under- 
gone surgery that included endotracheal intubation. 
This intubation was not prolonged. There was no 
history of malignant disease. Examination by fiber- 
optic nasopharyngeal laryngoscopy demonstrated 
what appeared to be a vocal fold granuloma. The 
lesion was polypoid, nonulcerated, and 1.0 cm in 
greatest dimension and arose from the posterior third 
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e be 
Fig 1. Poorly differentiated adenocarcinoma infiltrating 


glottic submucosa with atrophy of overlying squamous 
epithelium (H & E, original x40). 


of the left true vocal fold. Normal vocal fold tissue 
completely surrounded the mass. Both true vocal 
folds were completely mobile. The remainder of the 
physical examination was negative. The patient was 
taken to the operating room, where direct microlaryn- 
goscopy was performed with excision of the mass 








Fig 2. Variable-size nests of haphazardly i fe. oi 
arranged tumor cells with focal abortive? l 
gland formation (H & E, original x200). 
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using carbon dioxide (CO2) laser. By using 6 to 8 W 
of power and a 0.1-second pulse duration combined 
with an interrupted mode, the lesion was excised to 
the depth of the vocalis muscle. Because it was felt 
clinically that the lesion was benign, no frozen sec- 
tionevaluation ofthe surgical margin was performed. 


Permanent histologic sections revealed an infiltra- 
tive, poorly differentiated adenocarcinoma with atro- 
phy of the overlying squamous epithelium (Fig 1). 
The tumor is distributed in the glottic submucosa in 
variable-size nests and cords delimited by a desmo- 
plastic stroma. The malignant cells are haphazardly 
arranged, with focal abortive gland formation (Fig 2). 
The nuclei are of various sizes and are round to oval, 
with vesicular chromatin and a single, conspicuous, 
round nucleolus (Fig 3). The cytoplasm is ampho- 
philic, present in scant to moderate amounts, and 
vacuolated. Scattered tumor cells and glands contain 
mucicarmine-positive material. Immunoperoxidase 
staining for prostatic acid phosphatase, prostate-spe- 
cific antigen, and B72.3 was negative. 


The patient received 66 Gy of irradiation postop- 
eratively. He is currently 39 months posttherapy with 
no evidence of recurrence or metastasis. Addition- 
ally, he has excellent laryngeal function. 


DISCUSSION 


Glandular carcinomas of the larynx are uncommon 
malignancies. Toomey’ s® review dating from 1870 to 
1967 contained 96 cases. Approximately 110 cases 
have been reported since 1967.25,7,8,10,11 The expe- 
riences by various authors with these lesions have 
been so sporadic that no series has been large enough 
for statistical evaluation of therapy. Thus, only gen- 
eralities — treatment have been forthcom- 
ing. 
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Radical surgery is the favored form of therapy, 
probably because of the propensity for these lesions 
to present at an advanced clinical stage. Surgery was 
the primary form of treatment in 70% of the 37 
detailed cases in Toomey's report. Half of these 
patients received total or subtotal laryngectomy, with 
or without radical neck dissection. Incomplete fig- 
ures and inadequate follow-up data precluded deter- 
mination of the response to surgery or other forms of 
treatment. Available data indicate the 5-year survival 
was 17%. Radical surgery was observed to give the 
best chance for cure. 


Cady et al? reported 31 cases of nonepidermoid 
laryngeal cancer, 17 of which were glandular carci- 
nomas. Aggressive therapy was recommended, con- 
sisting of total laryngectomy with radical neck dis- 
section on the side of the primary lesion for all stages 
of disease. The reason for inclusion of a radical neck 
dissection was that 13 of 17 (76%) of their patients 
with glandular carcinoma developed cervical lymph 
node metastases. Eight of these patients had clini- 
cally positive lymph nodes on presentation. Of the 9 
patients with initially negative nodes, 5 later devel- 
oped cervical metastases. 


Twenty-seven cases of glandular carcinoma of the 
larynx were reported by Whicker et al.^ Their expe- 
rience suggested that the extent of surgical resection 
may be based on the histologic type of tumor encoun- 
tered. Their patients could be divided into two groups: 
1) those with ACC (9 patients), and 2) those with 
another type of glandular carcinoma (12 of 18 pa- 
tients had adenocarcinoma NOS). Those patients 
with ACC differed in their clinical presentation. Most 
significantly, 8 of 9 cases were subglottic, as opposed 
to 11 of 12 cases of adenocarcinoma NOS that were 


Fig 3. Malignant nuclear features, cyto- 
plasmic vacuolization, and abortive gland 
formation (H & E, original x400). 


supraglottic. Also, patients with ACC had enlarged 
cervical lymph nodes much less frequently (10% 
versus 66%), and they had double the average sur- 
vival (8.5 years versus 4.3 years). However, death 
from recurrent or metastatic ACC was typically in- 
evitable. Tumor recurrences up to 15 to 20 years 
following initial therapy were seen. These factors led 
to the conclusion that conservative therapy should 
rarely be performed on patients with ACC of the 
larynx. Because of the supraglottic predilection of 
adenocarcinoma NOS, supraglottic laryngectomy was 
suggested as a possibility, given the proper stage of 
disease for conservation surgery. Although 20 of the 
24 patients in their series in which survival data were 
valid died of their disease, radical surgery was sug- 
gested as the type of treatment that would give the 
best chance for cure. 


In their report of eight cases of glandular carci- 
noma of the larynx, Sessions et al!? related that the 
length of survival was not dependent on histopathol- 
ogy, stage, or mode of therapy. The most conserva- 
tive therapy possible was thus recommended for 
primary treatment. 


Spiro et al? had 20 patients with glandular carci- 
noma of the larynx, 18 of whom were treated. Surgery 
was the primary form of therapy. Laryngectomy was 
performed in 13 cases, and 9 patients received radical 
neck dissection. One patient had an epiglottectomy, 
and another received local excision of a recurrence 
via laryngofissure. One of the treated patients died 
postoperatively and thus must be excluded from 
survival figures. Of the 17 remaining patients, 11 
(65%) died as a direct result of local or metastatic 
disease. Four died of other causes less than 1 year 
after initial treatment. The 2 patients who were appar- 
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ently “cured” were alive 10 and 11 years after treat- 
ment. One received laryngectomy, and the other 
laryngectomy and radical neck dissection. Both had 
stage I lesions, the only such tumors in this series. 
From this experience, the suggestion was made that 
perhaps more aggressive treatment with either radi- 
cal neck dissection and/or irradiation would have 
improved results. 


The experience with radiotherapy for laryngeal 
glandular carcinomas has been much less extensive 
and less effective than the surgical approach. Five of 
the 29 patients included in Toomey’s® literature re- 
view received radiotherapy alone. As mentioned, the 
incompleteness of the data on these individuals pre- 
cludes a meaningful statement on the effectiveness of 
this form of therapy. However, 1 patient in this series 
seemed to have been "cured" of disease with irradia- 
tion alone. The lesion was a stage I, supraglottic, 
poorly differentiated adenocarcinoma. The patient 
was alive and well 10 years after therapy. Whicker et 
al^ had the largest collection of patients treated by 
irradiation. Nine of 27 patients received irradiation 
only. None had favorable results. One of 5 patients 
reported by Eschwege et al® received only radio- 
therapy because of pulmonary metastases at presen- 
tation. She survived at least 5 years after treatment 
with slowly progressing lung lesions. Two of the 18 
patients treated by Spiro et al? received irradiation as 
initial therapy. One patient died 6 months later sec- 
ondary to hemorrhage due to radionecrosis, while the 
other survived nearly 61/2 years, finally succumbing 
to local disease. Thus, it seems irradiation may be 
effective in early laryngeal glandular carcinoma, and 
perhaps as a form of palliative therapy. 


Experiences with chemotherapy for glandular car- 
cinomas of the larynx have been so few as to inhibit 
meaningful comment. Spiro et al? used chemotherapy 
for one patient with already disseminated disease. 
She survived for 3 months. 


Our case is unusual because of its location and 
early stage. Six other glottic glandular carcinomas 
were mentioned inareview by Bloometal.? Only two 
of these were adenocarcinoma NOS. Stage I lesions 
reported in the literature were uniformly associated 
with a good outcome. Examples include the stage I 
lesion commented on in Toomey’s® series. The pa- 
tient with an apparent T1 pyriform sinus adenocarci- 
noma NOS reported by Cady et al,’ and treated with 
laryngectomy and radical neck dissection, was free of 
disease after 6 years of follow-up. Dogra!! reported 
asupraglottic stage I lesion treated with laryngofissure. 
The patient was alive and well 9 years later without 
recurrence. The only “cures” in Spiro et al? were of 
stage Itumors. The case of moderately well-differen- 


tiated adenocarcinoma NOS limited to the midportion 
of the laryngeal epiglottis reported by Bloom et al? 
was treated with epiglottectomy. The patient was 
disease-free at 21/2 years of follow-up. This seems to 
suggest that early laryngeal glandular carcinomas are 
associated with a good prognosis, Perhaps minimal 
surgery and/or irradiation could be quite adequate 
therapy for these lesions. Our experience supports 
this hypothesis. 


Intralaryngeal surgery viasuspension laryngoscopy 
for vocal fold malignancies was presented as deserv- 
ing “serious consideration" by LeJeune! in 1946. As 
long as strict criteria were met, this approach to early 
vocal fold tumors produced good results. The criteria 
were that the growth be 1) in the early stages of 
development, 2) small in size, 3) limited to one vocal 
fold, and 4) completely surrounded by normal vocal 
fold tissue. Of the 39 patients in the series by LeJeune 
who met these criteria, 36 were without disease, with 
most having up to 5 years of follow-up. LeJeune 
stated that 95% of the tumors were of the squamous 
cell variety. No other reference to histology was 
made. 


The use of the CO2 surgical laser and microscope 
for transoral excision of T1 glottic "carcinomas" was 
shown by Strong!’ in 1975 to bean optimal treatment 
method for these lesions. He reported excellent initial 
results on 11 cases. Long-term results were not yet 
available. Three-year follow-up data on 35 cases of 
T1 glottic squamous cell carcinoma treated by 
excisional biopsy using the CO2 laser were provided 
by Blakeslee et al? in 1984. Prerequisites for this type 
of therapy included 1) that the patients be medically 
eligible for endoscopic surgery using suspension 
laryngoscopy, 2) that adequate exposure be obtained 
so theentire lesion could be visualized, and 3) that the 
lesion beconfinedto the true vocal fold. The excisional 
biopsy was not deemed complete until no residual 
tumor was present under the operating microscope 
and surgical margins were free, both in frozen and 
permanent histologic sections. By these criteria, 31 
of 35 (89%) patients survived 3 or more years without 
disease. The series also included 12 patients with 
verrucous carcinomas and 3 with spindle cell carci- 
nomas, all of whom were without recurrence at 3 
years. The overall 3-year survival rate without recur- 
rence was thus 92% (46 of 50). Also, as with our 
patient, the laser seemed to leave these patients with 
good voice quality postoperatively. 


As can be clearly seen from the data reviewed, 
transoral excisional biopsy using the CO2 laser is an 
excellent therapeutic approach for T1 glottic squa- 
mous cell carcinoma, verrucous carcinoma, and per- 
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haps spindle cell carcinoma. However, until now no 
experience with this technique has been reported for 
early glandular carcinomas of the larynx. Although 
the margins of resection in our case were not exam- 
ined by frozen section, it is hoped that if residual 
tumor was left in the patient following surgery, the 
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postoperative radiotherapy has effected a cure. Con- 
sidering the reported experiences with early glandu- 
lar carcinoma, and the effectiveness of transoral CO2 
laser excisional biopsy on other tumor types, 39 
months of follow-up without recurrence seems to 
indicate that this patient’s prognosis should be good. 
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AMERICAN DIOPTER AND DECIBEL SOCIETY 


The American Diopter and Decibel Society will hold its biennial meeting January 16-23, 1993, at the Westin Camino Real in Puerto 
Vallarta, Mexico. Abstracts are currently being accepted. For further information, contact Robin L. Wagner, American Diopter and 
Decibel Society, 3518 Fifth Avenue, Pittsburgh, PA 15213; fax (412) 647-8720, phone (412) 647-2227. 
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1993 CONFERENCE ON IMPLANTABLE AUDITORY PROSTHESES 


The 1993 Conference on Implantable Auditory Prostheses will be held July 11-15, 1993, on the campus of Bryant College in 
Smithfield, Rhode Island. This is the sixth in a series of biennial research conferences originating with the 1983 Gordon Conference. 
The meeting will provide a forum for close interaction among scientists in all disciplines relating to the field of cochlear implants. For 
further information, contact Chris van den Honert, Division of Otolaryngology-Head & Neck Surgery, Box 3550, Duke University 
Medical Center, Durham, NC 27710; Telephone: (919) 684-6099, E-Mail: chx @dukehrl.mc.duke.edu. 
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FACIAL CANAL DEHISCENCE: HISTOLOGIC STUDY AND 
COMPUTER RECONSTRUCTION 


HARUO TAKAHASHI, MD -ISAMU SANDO, MD, DMSc 
KYOTO, JAPAN PITTSBURGH, PENNSYLVANIA 


The incidence, location, shape, and dimensions of dehiscences in the facial canal to the middle ear space were studied in 160 temporal 
bones obtained from 129 individuals 24 gestational weeks to 109 years of age at death by means of light microscopy and our computer 
reconstruction and measurement method. Dehiscences were observed in 95 of the 129 individuals (74%) and in 119 of the 160 bones 
(7496). The incidence was found to be quite high among fetuses and newborns, lowest in individuals in their twenties and then again quite 
high in the geriatric population (x? test, X? = 5.45 and 4.41, p < .05). The most frequent site of dehiscence was the oval window area, 
particularly in its posterior half (57% of all ears) on the inferior to inferomedial aspects of the canal; these dehiscences were clearly 
demonstrated in reconstructed images. The incidence of dehiscence in the area of the cochleariform process was 16%, and all these 
dehiscences were on the lateral to superolateral aspect of the canal. The second genu area and the mastoid portion were sites of dehiscence 
in 21% and 18%, respectively, of specimens; more than half of the dehiscences in the second genu area and mastoid portion were on the 
lateral to anterolateral and posterior aspects of the facial canal, respectively. The shape of the dehiscence tended to be oval in the oval 
window area, but rather irregular in the other areas. The dehiscences ranged from 0.4 to 2.64 mm in length, from 0.12 to 1.59 mm in width, 
and from 0.03 to 1.87 mm? in surface area. The proximity of these dehiscences to the field of otologic surgery is stressed. 


KEY WORDS — computer three-dimensional reconstruction, facial canal dehiscence, temporal bone histopathology. 
INTRODUCTION in this study were from 160 temporal bones obtained 
The facial nerve is one of the most significant and from 129 individuals 24 gestational weeks to 109 
vulnerable structures in the temporal bone. This nerve years old at death. None of the individuals had a 


is at risk during surgical procedures involving the history of congenital anomaly or osteolytic diseases 
inner ear and/or middle ear, and especially so when such as systemic bone disease, malignant external 
there is dehiscence of the facial canal on its middle ear otitis, or cholesteatoma. All specimens were pro- 
side, because such dehiscence increases the possibil- cessed for histologic PDC RECOTOIBE tothetechnique 
ity of unexpected postoperative facial nerve compli- described by Sando et al! to provide serial 20- to 
cations. Having precise information about the facial 30-pm-thick horizontal (105 bones) or vertical (55 
canal dehiscences is considered of prime importance bones) sections. 


to otologic surgeons in avoiding such complications, 
but although there have been several reports on this 
subject,!? to our knowledge none has provided de- 
tailed topographic data or three-dimensional (3-D) 
views and dimensions of such dehiscences — infor- 
mation that would be of very great help to otologic 
surgeons in picturing the anatomy of the area as they 
may encounter it at operation. 


For this study, facial canal dehiscence was defined 
asanopening inthebone between the facial canal and 
any middle ear space, without interposition of a major 
anatomic structure such as the tensor tympani muscle 
or the stapedius muscle, and with only a thin layer of 
connective tissue and the middle ear mucosa between 
the facial nerve and the middle ear space. The bony 
opening in the facial canal from which the branch of 

In the study reported here, an attempt was made to the superficial petrosal artery exits to the stapes was 
clarify the age-related incidence, and to detail the not included in this definition. 
location, shape, and dimensions of facial canal dehis- 


cences by both light microscopy and the computer- Light Microscopy. Every 10th histologic section 
aided 3-D reconstruction and measurement method was studied by light microscopy. The overall inci- 
we developed.!9.11 | dence of dehiscence and age-related incidence were 


determined, and the location of each dehiscence was 
| described, not only in the longitudinal but also in the 
adu: adir cross-sectional plane (ie, posterior part of the oval 

The materials (serial histology sections) we used window area and on the inferior aspect of the canal). 
From the Elizabeth McCullough Knowles Otopathology Laboratory, Division of Otopathology, Department of Otolaryngology, University of 
Pittsburgh School of Medicine, Eye and Ear Institute of Pittsburgh, Pittsburgh, Pennsylvania. Dr Takahashi is currently at the Department of 


Otolaryngology, Kyoto University Faculty of Medicine, Kyoto, Japan. This study was supported by research grant 5 RO1 DC00123 from the National 
Institutes of Health/National Institute on Deafness and Other Communication Disorders. 


REPRINTS — Isamu Sando, MD, DMSc, Division of Otopathology, Eye and Ear Institute of Pittsburgh, 203 Lothrop St, Pittsburgh, PA 15213. 
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Three-dimensional Reconstruction. For the com- 
puter-aided 3-D reconstruction and measurement 
portion ofthe study, 20 temporal bones obtained from 
19 individuals between 1 day and 72 years of age 
were evaluated. The equipment we used consisted of 
a personal computer (NEC 98-RL, model 5), a high- 
resolution color monitor (1,120 x 750 pixels), a digi- 
tizer (Hitachi HDG-1515) with resolution set at 0.1 
mm, and a printer. The software we used was devel- 
oped by Takagi and Sando.!9.!! The outlines of the 
facial canal, the facial canal dehiscence, and the 
footplate of the stapes were reconstructed for each 
specimen by using the 3rd through the 10th histology 
sections. The 3-D location (particularly in relation to 
the stapes footplate) and shape of each dehiscence 
were noted; in addition, its length (along the axis of 
the facial canal), width (in the cross section of the 
canal), and surface area were measured. Details ofthe 
procedures for 3-D reconstruction and measurement 
were described previously.10.11,13,.14 


RESULTS 


Light Microscopy. Dehiscences of the facial canal 
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Fig 1. Incidence of facial canal dehiscence as 
function of age. n — number of ears in each age 


group. 
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were observed in 95 of the 129 cases (7496) and in 119 
of the 160 temporal bones (7496). Figure 1 shows 
how the age-related incidence of the dehiscences, 
which was found to be quite high among fetuses 
(90%) and newborns (85%), showed a gradual de- 
crease to a nadir in individuals in their twenties (58%) 
and then increased again in middle-aged and geriatric 
populations (67% to 100%). The differences were 
statistically significant in incidences of dehiscence 1) 
in fetuses and children younger than 9 years versus in 
adolescents and young adults (between 10 and 29 
years of age; X? test, X? = 5.45, p < .05) and 2) in 
adolescents and young adults versus the geriatric 
population (over 70 years of age; x? test, x7= 4.41, p 
« .05). 

A total of 186 facial canal dehiscences were iden- 
tified in 119 (74%) of the total 160 ears examined. 
Table 1 shows the distribution of dehiscences along 
the facial canal and with regard to the dominant 
aspect in cross section of the facial canal. In the 
cochleariform process area, dehiscences were ob- 
served in 26 ears (16% of the total ears), and all of 
these dehiscences were on the lateral or superolateral 


TABLE 1. SITES OF 186 FACIAL CANAL DEHISCENCES IN 119 OF 160 EARS 


No. of Percentage of 
Area Involved Dehiscences All (160) Ears Aspect* 
Cochleariform 26 16% Lateral to superolateral 
process area (26/26, 100%) 
Oval window area 97 61% 
Anterior only J 4% Lateral (13/18, 72%) 
Posterior only 79 49% Inferior to inferomedial 
(75/90, 83%) 
Both 11 7% 
Second genu area 34 21% Lateral to anterolateral 
(19/34, 56%) 
Mastoid portion 29 18% Posterior (16/29, 55%) 


*Dominant aspect of dehiscence in cross section of facial canal. 
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Fig 2. Photomicrograph (anterior-poste- 
rior view) of left facial canal and sur- 
rounding structures (vertical section) of 
4-year-old boy showing dehiscence (be- 
tween arrowheads) on inferior aspect of 
oval window area. FN — facial nerve, 
LCA — lateral semicircular canal am- 
pulla, SF — stapes footplate, SH — 
stapes head, RWN — round window 
niche, UM — utricular macula, V — ves- 
tibule. 
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aspect of the facial canal. In 97 ears (61% of the total 
ears) a dehiscence was present in the oval window 
area, and most of these dehiscences (90 of 160 or 
56%) were in the posterior half of this area (posterior 
to the center of the stapes footplate). In 83% of the 
ears in which the dehiscence was in the posterior half 
of the oval window area (42% of the total ears), the 
dehiscence was on the inferior to inferomedial aspect 
of the facial canal in cross section (Fig 2). In contrast, 
a dehiscence was found in only 18 ears (1196 of the 
total ears) in the anterior half of the oval window area; 
further, in 72% (13 ears) in which the dehiscence was 
in this area it was on the lateral aspect of the facial 
canal. A dehiscence was present in the second genu 
area or in the mastoid portion in 34 ears (21% of the 
total ears) and in 29 ears (18% of the total ears), 
respectively. Approximately half (56%) of the dehis- 
cences in the second genu area were on the lateral to 
anterolateral aspect of the facial canal, opening di- 
rectly into the facial recess (Fig 3); 24% of them were 
on the anterior aspect of the canal, opening into the 
tympanic cavity; and the remaining 20% were on the 
medial or posterior aspect of the canal, opening into 
the mastoid air cells. Of dehiscences in the mastoid 
portion of the facial canal, about half (5596) were on 
the posterior aspect of the canal and opened into the 
mastoid air cells; 34% were on the lateral aspect and 
opened into the facial recess; and the remaining 11% 
were on the medial or anterior aspect of the facial 
canal and opened into the tympanic sinus or tympanic 
cavity, respectively. 


Three-dimensional Reconstruction. Facial canal 
dehiscences were found in a total of 34 sites in the 20 
temporal bones reconstructed; 5 (15%) were found in 
the cochleariform process area, 24 (70%) in the oval 
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window area, 3 (9%) in the second genu area, and 2 
(6%) in the mastoid portion (Table 2). Figure 4 shows 
the length and location of the 24 facial canal dehis- 
cences in the oval window area relative to the stapes 
footplate. As Fig 4 shows, most of the dehiscences 
(21 of 24 or 88%) were located posterior to the center 
of the stapes footplate. The dehiscences tended to be 
oval in shape (15 of 24 or 6396) in the oval window 
area (Figs 5 and 6A), but of various shapes in other 
areas (Fig 6B). It was also found that most of the 
dehiscences (21 of 24 or 88%) were on the inferior to 
inferomedial aspect of the canal (Figs 5B and 6A). 


Table 2 also shows the ranges and averages of the 
dimensions of the 34 facial canal dehiscences recon- 
structed and measured. Dehiscence length ranged 
from 0.4 mm to 2.64 mm; the longest dehiscence and 
the greatest mean value for dehiscence length were in 
the oval window area. Dehiscence width ranged from 
0.12 mm to 1.59 mm; dehiscences in the mastoid 
portion were widest. Dehiscence areas ranged from 
0.03 mm? to 1.87 mm?; the largest dehiscence in this 
series was in the oval window area, but the average 
dehiscence size was greatest in the mastoid portion. 


DISCUSSION 


The gross incidence of facial canal dehiscence as 
determined in the present study (74%) is the largest 
everreported, although reported incidences vary con- 
siderably (7% to 5896).1-7 As might be expected, light 
microscopic studies reveal a higher incidence of 
dehiscence (15% to 58%)%5-7 than the other methods 
of observation such as gross dissection (1596)! or 
operative microscopic examinations during surgery 
(7%).> It is notable that we found the incidences of 
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Fig 3. Photomicrograph (superior-inferior view) of right 
facial canal (horizontal section) of 57-year-old man show- 
ing dehiscence (between arrowheads) in second genu area. 
Note that facial nerve (FN) is widely exposed to facial 
recess (FR). CT — chorda tympani nerve, MC — mastoid 
air cells; ME — middle ear cavity, SM — stapedius 
muscle, TM — tympanic membrane. 


dehiscence in the second genu and the mastoid por- 
tion to be particularly greater than those revealed by 
previous similar histologic studies." 


What we found of great significance to otologic 
surgeons is that some 40% of all dehiscences were on 
the inferior to inferomedial aspect of the canal in the 
posterior half of the oval window area, where they 
may readily be encountered during middle and/or 
inner ear surgery. Particularly during stapes surgery, 
surgeons should be aware that dehiscences of the 
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Fig 4. Schematic representation of length and location in 
relation to stapes footplate of 24 reconstructed facial canal 
dehiscences in oval window area. Note that most dehis- 
cences are posterior to median of stapes footplate. 


facial canal are often located not only just postero- 
superior to the stapes, but also on the inferior to in- 
feromedial aspect of the canal — the aspect that faces 
the surgical field. There have been several reports in 
the literature that the most frequent location of facial 
canal dehiscence is adjacent (superior) to the oval 
window.27-46-? Nager and Proctor,? however, pointed 
out that dehiscences are particularly likely posterior 
to the oval window. In the present study, this was 
clearly shown by the results of computer reconstruc- 
tion and measurement. 


Some interesting findings of the present study 
were that 1) mostdehiscences were on the superolateral 
or lateral aspect of the facial canal when they oc- 
curred in the anterior tympanic portion (cochleariform 
process area and anterior half of the oval window 
area), but 2) in the posterior part of the tympanic 
portion, the most frequent site of dehiscence was on 
the inferior to inferomedial aspect of the canal, and 3) 
the lateral or posterior aspect was most frequently 
involved by dehiscence in the peripheral parts of the 
facial canal (the second genu area and mastoid por- 
tion). 


We have two comments regarding these results. 
First, the findings show that surgeons should be 
watchful for dehiscences, not only during stapes 
surgery, but also when manipulating the tympanic 
cavity during tympanoplasty, during cochlear im- 
plant surgery through a facial recess approach, and 


TABLE 2. DIMENSIONS OF 34 FACIAL CANAL DEHISCENCES 


Area No. of Length Width Area 
Involved Dehiscences (mm) (mm) (mm?) 
Cochleariform 5 0.84 x 0.91 0.53 x 0.38 0.47 x 0.46 
process area (0.4 to 2.43) (0.23 to 1.14) (0.07 to 1.27) 
Oval window area 24 1.41 + 0.74 0.54 + 0.26 0.66 + 0.59 
(0.42 to 2.64) (0.12 to 1.06) (0.03 to 1.87) 
Second genu area 3 0.92 + 0.34 0.23 + 0.02 0.15 + 0.03 
(0.49 to 1.34) (0.2 to 0.27) (0.12 to 0.21) 
Mastoid portion 2 1.12 + 0.04 1.43 + 0.16 1.52 + 0.04 


Values are mean + SD; values in parentheses are ranges. 


(1.08 to 1.17) 


(1.27 to 1.59) 


(1.48 to 1.56) 
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Fig 5. Computer-reconstructed images (left ear of 3-year- 
old girl). TP — tympanic portion of facial canal. A) 
Lateral view of facial canal and dehiscence (dashed line) 
on inferior aspect of facial canal (behind canal in this 
view)in posterior partof oval window area, G —geniculate 
area of facial canal, LP — labyrinthine portion of facial 
canal, MP — mastoid portion of facial canal, SF — stapes 
footplate. B) Close-up view of dehiscence from inferior 
direction. Note that dehiscence is oval. 


during cortical mastoidectomy, because the dehis- 
cences tend to face every surgical field just men- 
tioned. 


Second, it is interesting to discuss this variety in 
cross-sectional location of dehiscences in relation to 
development of the facial canal. The origin of the 
facial canal has been reported to be a sulcus on the 
lateral surface of the primordial otic capsule.?:!5 With 
regard to other structures in the otic capsule, 1) the 
anterior part of the tympanic portion of the facial 
canal is located superolateral or lateral to the cochlear 
otic capsule, 2) the posterior part of the tympanic 
portion is located inferior to the otic capsule of the 
lateral semicircular canal, and 3) the canal is located 
lateral to the otic capsule of the posterior semicircular 
canal at the second genu to the mastoid portion. It 
may be noticed that each aspect of the facial canal on 
which dehiscence is most likely is located on the 
opposite side of the facial canal from the otic capsule. 
Reichert’s cartilage is thought to constitute the side of 
the facial canal opposite to the sulcus of the otic 
capsule? Thus, each aspect of the canal just men- 
tioned is the area that is completed (closed) in coop- 
eration with Reichert's cartilage. These observations 
lead us to speculate that minute discordance of 
Reichert's cartilage with the otic capsule when com- 


m 












x A amarar 
posterior rn 
m — 
uo 


anterior 


r— ee 


ravines z 
osterior WAST SAANS 
posterior YA bo -s 
NC C s hs 





Fig 6. Computer-reconstructed images (right ear of 59- 
year-old woman). TP — tympanic portion of facial canal. 
A) Lateral view of facial canal with dehiscences on 
superolateral aspect of cochleariform process area (be- 
tween arrowheads), on inferomedial aspect of posterior 
half of oval window area (large arrow; dashed line indi- 
cates that dehiscence is on opposite side of facial canal 
from that viewed), and on lateral aspect of second genu 
area (small arrow). PE — pyramidal eminence, MP — 
mastoid portion of facial canal, SF — stapes footplate. B) 
Close-up view from superior direction of irregularly shaped 
dehiscence (hatched area) in cochleariform process area 
of facial canal. LP — labyrinthine portion of facial canal, 
ST — stapes. 


pleting the facial canal might be one cause of the 
dehiscence in these areas. It is interesting to note that 
the highest incidence of facial nerve dehiscence is in 
the oval window area, in which many derivatives of 
Reichert’s cartilage (superstructure of the stapes, 
pyramidal eminence, etc) are located. 


The age-related variability in the incidence of fa- 
cial canal dehiscence seems to fit well with these 
observations. Dietzel!® reported a higher incidence 
of facial canal dehiscence in infants and children 5 to 
14 years old, but he did not mention noting a higher 
incidence in the geriatric population. The fact that 
ossification of the facial canal usually continues until 
the end of the first year of life? may be one reason for 
the high incidence of facial canal dehiscence in the 
fetal and newborn periods; this might also, in combi- 
nation with the immunologic immaturity of this pe- 
riod, account for the comparatively high incidence of 
facial nerve paralysis due to acute otitis media in 
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infancy and early childhood.!” On the other hand, 
facial canal dehiscence has also been reported to be 
seen more often in ears with good pneumatization 
than in those with poor pneumatization.56 This leads 
us to speculate that even in the same individual, the 
condition of the facial canal might change with age; 
a new dehiscence might appear as pneumatization 
progresses, even if the canal was completely closed 
early in life. Although mastoid pneumatization has 
been reported to be completed around 5 to 10 years of 
age,!8 we believe it is also reasonable that air cell 
development may continue until old age.!? In fact, 
Goto” reported that histologically, mastoid pneuma- 
tization in terms of bone formation and resorption can 
be noted into old age, although radiographic observa- 
tion shows that the pneumatized space appears to stop 
increasing in size around adolescence. These find- 
ings do not appear to contradict the results of the 
present study, which show that the incidence of 
dehiscence again tends to increase in later years after 
reaching its lowest point in younger individuals. 


Our computer-aided 3-D reconstruction and mea- 
surement method permitted precise delineation of the 
shape and dimensions (not only the length, but also 
the width and surface area) of the dehiscences. Thus, 
our method was able to confirm partially both Mori- 
kawa’s report! that dehiscences are irregularly shaped 
in most cases, and the reports of Hough? and Kaplan‘ 
that dehiscences are usually oval. In fact, as shown by 
our study, dehiscences in the oval window area are 
usually oval, but dehiscences identified in other ana- 
tomic sites are irregular in shape. Regarding the 
dimensions of dehiscences, there have been several 
reports in the literature on the length of dehis- 
cences, 57? but no reports on the width or surface 
area. Baxter" reported the most detailed data on the 
length of dehiscences in each area of the facial canal; 
the means reported were slightly lower than ours, 
except for dehiscences in the cochleariform process 
area, This discrepancy may have resulted from a 
difference in measurement between the two-dimen- 
sional and 3-D techniques. 
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Immunohistochemical investigations were carried out to determine the pattern of cytokeratin (CK) expression in middle ear 
cholesteatoma and related epithelia. Using monoclonal antibodies specific for CK chains and the indirect immunoperoxidase technique, 
we examined 10 CK polypeptides for expression. The external stratified squamous epithelium of the tympanic membrane generally 
expressed CKs 5, 10, and 14. In addition, basal keratinocytes in the annular region ofthe pars tensa expressed CK 19 (a simple epithelium 
marker), wbile suprabasally the hyperproliferative marker CK 16 was expressed. These data reflect the unusual proliferative nature of 
this region. The unexpected appearance of CK 16 (known to have a limited distribution in healthy epidermis) clearly relates to its 
expression in the neighboring deep meatus. The medial simple epithelium of the eardrum revealed mucosal CKs 7, 8, 14, 18, and 19. 
Acquired cholesteatoma lesions, besides CKs 5, 10, and 14, consistently expressed CK 16 in suprabasal layers. These results constitute 
the first direct molecular evidence for the hyperproliferative nature of the cholesteatoma matrix. Overall, our CK data suggest that aural 
cholesteatoma lesions and epidermal tissue in this area are related. However, they do not explain the mechanism(s) by which the eardrum 
or meatal epithelia might invade the middle ear cavity. Congenital cholesteatomas expressed CKs 5, 10, 14, and 16 equally. These CK 
data do not support the idea of a metaplastic origin from middle ear mucosa; instead, they suggest activation of an ectodermal rest in the 


middle ear cavity. 
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INTRODUCTION 


In spite of numerous efforts to explain the pres- 
ence of an expanding stratified squamous epithelium 
within the middle ear cavity, cholesteatoma patho- 
genesis is still a matter of debate, as was evident at the 
Second and Third International Conferences on Cho- 
lesteatoma and Mastoid Surgery.L? Our intention 
has been to try to fill the many gaps in the knowledge 
of cholesteatoma pathogenesis by a fundamental 
approach to the differentiation of the cholesteatoma 
matrix. We focused our investigations on markers of 
soft keratinization and utilized epidermal tissues as a 
reference. Previously, we surveyed the behavior of 
the nucleus,*4 the cross-linking of structural polypep- 
tides,56 and the role played by epidermal transglu- 
taminase.’:® These studies showed that cholesteatoma 
manifests a keratinization of the epidermal type, 
although the balance of early versus late stages of 
keratinization is altered in favor of the early ones. In 
addition, terminal keratinization is defective as far as 


cross-linking near the cellular membrane is con- 
cerned. 


Recently, we also reported on the cytokeratin (CK) 
and vimentin expression in acquired middle ear 
cholesteatoma lesions.? The CKs are prominent dif- 
ferentiation markers in epithelial cells, constituting 
in humans a complex family of 19 closely related 
polypeptides subject to differential (co)expres- 
sion.!° The composition of the CK subsets depends 
on the epithelial type and location, the cell type, and 
the differentiation state reached in stratified epithe- 
lia.!! In pathologic conditions, the expression rules 
are equally valid.!! As applied to the cholesteatoma 
project, we determined that the CK profile in the 
matrix is of the epidermal type, although we found 
some expression of nonepidermal CKs. Probing both 
the early and late phases of differentiation, we again 
found certain alterations suggesting a hyperprolifera- 
tive disease.? In the meantime, this work has been 
largely confirmed by parallel studies. 12-13 
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The primary purpose of the present study was to 
extend our observations to the outer epidermal layer 
and to the inner simple epithelium of the eardrum, in 
which we have systematically looked for differences 
in the CK expression between the various anatomic 
regions. These regions have a distinct ultrastructural 
morphologyl^ and present a different frequency of 
perforations, leading to various clinical forms of 
cholesteatoma, perhaps mediated by differentetiolog- 
ic factors. 3? Second, we have been able to reconstruct 
the CK expression throughout the meatus, since skin 
autopsy specimens from precisely circumscribed sites 
were available. Third, the availability of new anti- 
bodies justified an additional screening of tissues for 
expression of some CK polypeptides that were be- 
yond the scope of our previous investigations.? 
Among these is CK 16, a major CK polypeptide in 
hyperproliferative conditions.!! Finally, for the first 
time weincluded a small group of primary or congen- 
ital cholesteatomas. The etiology of these lesions 
concentrates on the activation of an embryonic or 
ectodermal rest in the middle ear cleft. Those who 
rejectacongenital origin refer to metaplasia of middle 
ear mucosa due to inflammation. 


MATERIALS AND METHODS 


Materials. Biopsy sampling from reference epi- 
dermal tissues, middle ear mucosa, and acquired 
cholesteatomas was exactly as described before? 
Full-thickness sheets of skin were dissected at regu- 
lar distances from the bony and cartilaginous parts of 
the canal. Congenital cholesteatomas were screened 
with the utmost strictness and were obtained from 
children with a perfectly normal eardrum and without 
any previous otitis media or history of prior middle 
ear disease. All biopsy specimens stored in liquid 
nitrogen were processed for cryosectioning (5 um) at 
the appropriate time. 


Intact tympanic membranes (TMs) were dissected 
from cadavers (normal adults, both ears, 1 to 2 hours 
postmortem) by means of appropriate microsurgical 
instruments. A circumferential incision was made 
about 5 mm from the annulus, the annulus was lifted, 
and the whole TM and cuff of the adherent canal skin 
was removed with the malleus handle. Following 
rinsing with Hanks' balanced salt solution, the whole 
TM and adjacent meatal skin were prepared carefully 
under a binocular microscope. Subsequently, these 
specimens were stored temporarily in liquid nitro- 
gen. Afterward, transverse cryosections (5 um) were 
cut serially throughout the TM, providing at least 6 
and at most 10 levels for close inspection. 


Immunohistochemical Staining. For most parts of 
the study, frozen sections were processed for the 


indirect immunoperoxidase technique by using mu- 
rine monoclonal antibodies. Air-dried cryosections 
(2 hours, 20*C), fixed in acetone for 10 minutes at 
20°C, were rehydrated for 5 minutes in 10 mmol/L 
phosphate buffer, pH 7.2, containing 0.85% sodium 
chloride (PBS). Monoclonal antibodies were ap- 
plied, either undiluted or diluted (1/5, 1/10, or 1/25 in 
PBS) for 30 minutes at 20°C in a moist chamber. Only 
LH8, 21D7, KK8.60, KS8.12, KS8.58, PAB601, 
and LLO26 were applied as an undiluted culture 
supernatant or were diluted 1/2 in PBS. Tissue culture 
medium from nonproducing hybridomas was used as 
anegative control. Subsequently, slides were washed 
in PBS (jet clean followed by three washes, 10 
minutes each, using a magnetic stirrer, the second 
wash containing in addition 0.1% Tween-20). Rabbit 
anti mouse immunoglobulin (Ig) conjugated to per- 
oxidase (1/40, respectively, in 1096 normal human 
serum in PBS) was used as a second antibody (30 
minutes at 20°C). Probing for CK 5 by the rat mono- 
clonal antibody 21D7 required the rabbit anti rat Ig 
peroxidase conjugate (1/40, respectively, in PBS 
enriched with 10% normal human serum) as a second 
antibody. The sections were washed for another 30 
minutes as described above, except that 0.05 mol/L 
sodium acetate buffer, pH 4.85, was substituted for 
the third wash. 3-Amino-9-ethylcarbazole (0.2 mg/ 
mL AB containing 0.01% hydrogen peroxide) was 
applied as the electron donor substrate for 5 to 10 
minutes. Finally, sections were washed in running 
tap water, counterstained with Mayer's hematoxylin 
(15 to 30 seconds), and mounted in Kaiser's glycerin- 
gelatin (Merck No. 9242). 


A minor number of sections were stained by the 
indirectimmunofluorescence method. In this method, 
0.1% Tween-20 and 100 mmol/L potassium chloride 
in PBS was applied in the first wash, and rabbit anti 
mouse Ig conjugated to fluorescein or rhodamine (1/ 
20in 10% normal human serum in PBS) was used as 
the second antibody. Slides mounted in PBS-glycerin 
(1/1) were viewed with a Dialux 20 microscope 
(Leitz, Wetzlar, Germany) equipped with a Ploemopak 
epi-illuminator (type 2.4) and the appropriate filter 
blocks for fluorescein (12) and rhodamine (N2). All 
secondary antibody conjugates were purchased from 
Nordic Immunological Laboratories (Tilburg, the 
Netherlands). 


Two panels of monoclonal antibodies were ap- 
plied to the serial sections. The first panel (Table 
1101524) was applied to only meatal tissues, TM (5 
samples), and congenital cholesteatomas (5 samples) 
to complete our earlier investigations? The second 
panel (Table 21025-28) was used here for the first time 
on primary and acquired cholesteatomas (5 and 12 
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TABLE 1. FIRST MONOCLONAL ANTIBODY PANEL 


Corresponding 
Antibody Antigen(s)* References 
6B10 CK 4 15 
RCK102 CKs 5 and 8 16 
RCK105 CK 7 17, 18 
LEA1 CK 8 19 
RKSE60 CK 10 20 
LPHI CK 10 Unpublished data 
LH3 CK 10 21 
1C7 CK 13 15 
2D7 CK 13 15 
LH8 CK 14 Unpublished data 
M9 CK 18 Unpublished data§ 
RCK106 CK 18 17,18 
RGES3 CK 18 22 
CK18-2 CK 18 16 
LE61 CK 18 19 
LP2K CK 19 Unpublished data¥ 
Clone 80 Broad-spectrum 23 

CKs 

RCK103 CK 51 18 
Vim9 Vimentin 24 
RV202 Vimentin 18 
RD301 Desmin 17 


*Numbered according to catalog. !? 
TBroad-spectrum CKs including CK 5, and neurofilament polypep- 
tides. 


§Commercially available from Sanbio BV (Uden, the Netherlands). 
¥Commercially available from Amersham (England). 


samples, respectively) and all related and reference 
tissues. 


Overall, 10 CK polypeptides were screened indi- 
vidually. To overcome false-negative results due to 
masking effects, repetitive screening of CKs 5, 8, 10, 
13, 14, and 18 was performed by applying antibodies 
with different specificities. To detect potentially posi- 
tive sites, nonspecific probes were used. Vimentin 


TABLE 2. SECOND MONOCLONAL ANTIBODY PANEL 


Corresponding 

Antibody Antigen(s)* References 
21D7t CK 5 Unpublished data 
M20 CK 8 25 
LPH2 CK 10 26 
KK8.60 CKs 10 and 11 27 
Ks8.12 CKs 13 and 16 27 
KS8.58 CKs 13 and 16 28 
PAB601 CK 14 26 
LL026 CK 16 Unpublished data 
LP34 Panepidermal CKs 26 

*Numbered according to catalog.!? 

TRat monoclonal antibody. 


probes highlighted tissues of mesenchymal origin. 


RESULTS 


In this section, only positive data are described. 
Broad-spectrum (nonspecific) probes (clone 80, 
RCK103, and LP34) provided uniform staining of 
meatal epidermis, lateral stratified squamous and 
medial simple epithelia of the TM, middle ear mu- 
cosa, and cholesteatoma. The CK data are summa- 
rized in Table 3.9 


Meatal Epidermis. Whether samples originated 
from deep in the canal (ie, near the annulus) or from 
more external sites, the presence of CKs 5, 10, and 14 
was consistently demonstrated. The CK 5 and 14 
staining was moderate in intensity and localized 
mainly in basal keratinocytes; it faded away in the 
suprabasal layers. In contrast, CK 10 staining was 
intense in the suprabasal layers. KK8.60, specific for 
CKs 10 and 11, gave similar staining profiles. Unex- 
pectedly, the meatal epidermis exhibited weak to 
intense CK 16 staining, restricted to the suprabasal 
keratinocytes in TM-associated regions (Fig 1A). 


TABLE 3. SURVEY OF IMMUNOHISTOCHEMICAL CYTOKERATIN DATA 


Meatal Tympanic Membrane Middle Acquired? Congenital 
Epidermis Lateral Side Medial Side Ear Mucosa? Cholesteatoma Matrix 

CK4 - - +> + "C. 

CK 5 + + ~ - * + 
CK 7 - - + + t° - 
CK 8 - = + + xt - 
CK 10 * * - - + + 
CK 13 - - +> i^ - 
CK 14 + + + + + + 
CK 16 ad + - ~ + + 
CK 18 - - + + it - 
CK 19 +f xf + + x " 


3 Combined data from previous paper? and present investigations. 
b Expressed in pseudostratified epithelial foci. 


* Focal staining, associated with terminal keratinization in certain cases. 


d Staining restricted to deep meatus. 


* Extremely weak staining in central areas, markedly intensified in annular regions. 
f Staining of basal keratinocytes in annular regions of lower part of tympanic membrane. 
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Fig 1. Immunohistochemical staining profiles of deep meatal e 
hematoxylin. b — stratum basale, c — stratum corneum, d — dermis, g — stratum granulosum, s — stratum spinosum, bars — 
30 um. A) Distinctive LL026 staining, indicating presence of cytokeratin (CK) 16 in suprabasal layers. B) Significant Ks8.58 
staining of malpighian layer, indicating expression of common determinant of CKs 13 and 16. C) Presence of CK 19 in basal 
keratinocytes of annulus, confronting region neighboring pars tensa (LP2K staining). Arrowheads — cells with maximal staining 
intensity. 


This unusual expression of CK 16 was observed in 
deep canal samples from cholesteatoma patients and 
from normal controls. In the other regions of the 
meatus, CK 16 staining was limited to the external 
root sheath of the hair follicles. KS8.12 and Ks8.58, 
both specific for CKs 13 and 16, yielded a significant 
staining of basal keratinocytes. Sometimes this stain- 
ing extended throughout the malpighian layer (Fig 
1B). We also observed the presence of CK 19 in basal 
keratinocytes of annulus-associated regions opposite 
the pars tensa (Fig 1C). 


A specific search for CKs 16 and 19 in the 
interfollicular epidermal regions (eg, breast, abdo- 
men, shoulder, arm, and retroauricular area) yielded 
no positive staining, except for CK 19 in scanty 
Merkel's cells. Thick epidermal tissues from pres- 
sure-sensitive sites (eg, thumb, sole, heel), however, 
consistently yielded weak to moderately intense CK 
16 staining, visible suprabasally in the living layers. 


Finally, vimentin reactivity was present exclusive- 
ly in Langerhans' cells, spread among keratinocytes. 


Tympanic Membrane. The lateral stratified squa- 
mous epithelium clearly displayed a CK pattern char- 
acteristic of epidermal tissue. As a rule, staining 
profiles were similar throughout the pars flaccida, 
the pars tensa, and the annular regions. The CK 5 
antibody 21D7 provided weak labeling of both living 





pidermis. Tissue slices were routinely counterstained with Mayer's 


and dead layers. Alternatively, the RCK102 staining 
of CK 5 in the absence of CK 8 was maximally 
intense in basal keratinocytes, and minimal in final 
keratinization areas. Cytokeratin 10 was a prominent 
marker of all suprabasal stages, and KK8.60 pro- 
duced a similar staining profile. Cytokeratin 14 stain- 
ing was weak and restricted to the deeper layers. 


Throughout the TM, from the umbo to the annulus, 
we observed weak LL026 staining, suggesting a 
minor suprabasal expression of CK 16. Near the 
annulus, however, the staining increased, clearly 
indicating CK 16 in suprabasal keratinocytes (Fig 
2A). Cytokeratin 19 was present in basal keratinocytes 
in the annular region bordering the pars tensa. Si gnif- 
icant labeling produced by KS8.12 and Ks8.58, indi- 
cative of CK 13 and/or CK 16, was observed through- 
out epithelial layers at all sites (Fig 2B). Finally, 
staining for vimentin revealed very few Langerhans' 
cells, except near the annulus. 


The epithelium lining the medial side (in central 
areas), and adjacent to the mucosal lining of the 
tympanic cavity, significantly expressed CKs 7, 8, 
(M20-positive although LE41-negative), 14 (LH8- 
positive, PAB601-nonreactive), 18, and 19. Rare 
pseudostratified columnar foci expressed CKs 4 and/ 
or 13. RCK102 provided uniform staining, while 
KS8.12 and KS8.58 staining was restricted to colum- 
nar cells, leaving squamous cells unstained. 
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Fig 2. Immunohistochemical staining pro- 
files of lateral stratified squamous epithe- 
lium of tympanic membrane. Tissue slices 
were routinely counterstained with Mayer’ s 
hematoxylin. ct — connective tissue, 
bars — 30 um. Other abbreviations as in 
Fig 1. A) Expression of CK 16 in suprabasal 
layers near annulus (LLO26 staining). B) 
Significant Ks8.12 labeling throughout all 
epithelial layers. 


Middle Ear Mucosa. The CK reactivity in middle 
ear mucosa, screened with the second antibody panel 
(Table 2), was identical to the reactivity of the medial 
simple columnar epithelium of the TM; ie, only M20, 
KS8.12, and KS8.58 provided substantial staining. 


Acquired Middle Ear Cholesteatoma. Using the 
new antibody panel (Table 2), we reconfirmed the 
obligatory expression of CKs 5, 10, and 14 during 
matrix differentiation. The antibody 21D7 weakly 
stained matrix tissues in all cases. Some staining 
extended throughout the accumulated keratinous 








debris (11 of 12 cases). Cytokeratin 10 staining, as a 
rule, was more intense and confined to the suprabasal 
layers. However, only the suprabasal layers in ad- 
vanced stages of differentiation were stained in 8 
cases. In 4 other cases, the CK 10 staining was present 
from the first suprabasal layer onward. Kk8.60 gen- 
erated similar staining profiles. Cytokeratin 14 again 
was the predominant marker of the lower matrix half. 
Progressive loss of CK 14 characterized terminal 
differentiation. 


The hyperproliferative marker CK 16 was consis- 


Fig 3. Immunohistochemical staining 
profiles of acquired middle ear chole- 
steatoma. Tissue slices were routinely 
counterstained with Mayer's hematoxy- 
lin. pm — perimatrix, bars — 30 um. 
Other abbreviations as in Fig 1. A) Promi- 
nent LL026 staining of suprabasal ma- 
trix keratinocytes, indicating expression 
of CK 16. B) Typical Ks8.12 labeling 
profile, ie, diffuse minimal staining of 
basal keratinocytes and moderate stain- 
ing of suprabasal matrix cells, completed 
by maximal staining of keratinous de- 
bris. 
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tently identified in the suprabasal matrix cells. In 
general, well-developed matrix configurations ac- 
quired a stronger staining than thinly stretched matrix 
tissues (Fig 3À). The corresponding epitope largely 
appeared in the adjacent stratum corneum areas in 4 
of 12 cases, but was not evident in the horny layers in 
8 other cases. KS8.12 and KS8.58 both provided 
similar staining profiles, distinct from the LL026 
profile. In 6 of 12 cases basal keratinocytes showed 
diffuse minimal staining, while in 4 cases they re- 
vealed maximal labeling. Suprabasal cells retained a 
positive staining, which was most prominent in the 
keratinous debris (Fig 3B). 


Congenital Cholesteatoma. Our preliminary data 
on five primary cholesteatomas indicate the presence 
of CKs 5, 10, and 14 inan epidermal mode, and of CK 
16 exclusively in suprabasal matrix cells. In three 
cases, the expression of the CK 16 epitope was 
occasionally present in the stratum corneum. The 
expression of certain nonepidermal CKs, sometimes 
noted in acquired cholesteatoma tissues,? was not 
observed. 


DISCUSSION 


The present data permit discussion of the state of 
differentiation reached in middle ear cholesteatoma 
tissues. 


Although the meatal epithelium provided a typical 
epidermal CK pattern, the deep meatus was unique. 
In addition to CKs 5, 10, and 14, expressed at the 
appropriate level of differentiation, we could see 
suprabasal CK 16 in healthy as well as in cholestea- 
toma tissue. Cytokeratin 16 has previously been 
identified as a molecular marker of hyperproliferative 
keratinocytes.11,29 It has been observed in only a 
limited number of healthy epidermal sites (ie, soles 
and outer root sheaths of hair follicles ).!° We found 
CK 16 in other pressure-sensitive sites having a stiff, 
thickened epidermis (eg, heel and thumb). In con- 
trast, all thin epidermal tissues, including those from 
the cartilaginous and lateral bony parts of the meatus, 
were nonreactive. 


The unusual character of the boundary area of the 
meatus and the eardrum is further documented by the 
presence of CK 19, which is a major constituent of 
simple epithelia and to some extent of certain 
pseudostratified epithelia of internal organs.10.1! 
Cytokeratin 19 in epidermal basal keratinocytes has 
never been reported and is difficult to evaluate. 
However, by analogy with the staining pattern seen in 
other stratified squamous epithelia (eg, conjuncti- 
va),2°CK 19 may reflect the presence of proliferating 
stem cells. 


The lateral stratified squamous epithelium of the 
TM displayed an epidermal CK pattern in the pars 
flaccida, the pars tensa, and the annular region. A 
supplementary expression of CK 16 was noticed in 
suprabasal keratinocytes of annulus-associated re- 
gions. From there to the umbo, staining decreased. 
Cytokeratin 19 was invariably identified in basal 
keratinocytes near the inferior annular part of the TM. 
In summary, the edge of the TM and the deep meatus 
displayed identical CK profiles, indicating an obvi- 
ous continuity in this transitional area. 


Our CK data show unusual proliferative capacity 
around the annular region opposing the pars tensa. 
This is consistent with earlier reports of a specific 
area of 2H-thymidine uptake and subsequent spread- 
ing.1-35 Similar conclusions can be drawn from 
wound closure experiments?33657 and from studies 
on the course of fetal and postnatal growth of the 
eardrum and deep canal.38 


The CK composition of the medial simple epithe- 
lium of the eardrum, whether composed of columnar 
or squamous cells, is very similarto that of the middle 
ear mucosa, as noted in our previous study.? In this 
study, we have also collected convincing evidence 
that CK 8 belongs to the mucosal CK family. This 
finding is also supported by other current studies. 12.13 
Mucosal CK (in addition to CK 14) is composed 
primarily of typical simple epithelial CKs, ie, CKs 7, 
8, 18, and 19, and conforms to rules of CK expres- 
sion.!! Asaconsequence, the question of whether CK 
5 is expressed in middle ear mucosa, which was 
indirectly postulated in the past,? is now open for 
discussion. We obtained negative results with the 
21D7 antibody, although CK 14, the natural coex- 
pression partner of CK 5, is present. Finally, we 
observed CK 4, a marker of nonepidermal stratified 
epithelia,!! in mucosa in our earlier study? but actual 
data show CK 4 only in pseudostratified foci on the 
medial side of the TM. 


Concerning primary and acquired cholesteatomas, 
we confirmed our previous conclusions that CKs 5, 
10, and 14 are expressed in an epidermal mode? 
Additionally, CK 16 was observed suprabasally in 
matrix tissues. Since CK 16 is a marker for hyperpro- 
liferative keratinocytes in general,!!? this observa- 
tion provides direct biochemical evidence for the 
hyperproliferative nature of cholesteatoma. This hy- 
perproliferative state, whether focal, local, or gen- 
eral, has been postulated before, but evidence was 
only circumstantial.? Here again, the expression of 
the advanced phenotypic keratinization marker CK 
10 was slightly delayed, underscoring the hyperpro- 
liferative characteristic. Expression of nonepidermal 
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CKs was not observed in our small group of congeni- 
tal lesions, contrary to reported experience with ac- 
quired lesions.?12.15 This difference suggests that 
congenital cholesteatomas might evolve, more strictly 
than acquired lesions, through the soft keratinization 
route. The KS8.12 and KS8.58 staining profiles, 
representing a common epitope of CKs 13 and 16, 
were wider than the CK 16 patterns shown by LL026, 
although CK 13 apparently was absent from the CK 
complement. According to the CK expression rules 
and the actual tissue staining distribution, we pre- 
sume that CK 15, in addition to CKs 13 and 16, was 
recognized by both antibodies.2/ 


The functional significance of human CKs is con- 
served under pathologic conditions.!13? Thus, CK 
typing has predictive value in identifying pathologic 
states. In acquired cholesteatoma, the striking simi- 
larity between the CK complement in the matrix and 
in the epidermal tissues (deep meatus and/or lateral 
cover of the TM) suggests a pathogenetic link. Our 
immunohistochemical investigations do not explain 


the mechanism(s) by which the eardrum or meatal 
epithelium might invade the middle ear cavity. The 
CK profiles obtained do not support the metaplastic 
origin of middle ear cholesteatoma, however. In the 
case of a stratified squamous metaplastic lesion, a 
unique combination of one or more of the major CKs 
from the recipient tissue and stratification-related 
CKs has been reported.^94! When the metaplasia, in 
addition, exhibits phenotypic keratinization includ- 
ing cornification, expression of terminal epidermal 
keratinization markers is expected. Our study dem- 
onstrates that the cholesteatoma CK complement 
does not have this metaplastic characteristic. Al- 
though this does not disprove the metaplasia theory, 
neither does it provide support for it. 


A metaplastic origin of congenital cholesteatomas, 
likewise, is unsupported by our data. Instead of 
metaplasia, our data support the activation and ex- 
pansion into a lesion of an embryonic or ectodermal 
rest in the middle ear itself. The existence of these 
islands is discussed in detail elsewhere. 
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Pediatric skull base tumors are rare and until recently were considered unresectable. We present two patients with tumors of similar 
anatomic position with an extracranial component in the infratemporal fossa and parapharyngeal space, an isthmus at the foramen ovale, 
and a superior component in the middle cranial fossa in the region of the cavernous sinus. A 15-year-old girl experienced contiguous 
spread of a spindle cell sarcoma; an 18-year-old boy developed a chondrosarcoma. A middle fossa approach provided the advantage of 
surgical avoidance of structures such as the middle ear and mastoid, facial nerve, and mandible. Postoperative recovery was rapid. Our 
impression is that preoperative carotid artery occlusion and a middle fossa approach for tumor resection can be performed in a young 
patient with acceptable morbidity and at least short-term benefit. Surgery can, therefore, provide an additional therapeutic approach to 


complement irradiation and chemotherapy. 


KEY WORDS — chondrosarcoma, middle fossa approach, pediatric skull base tumor, skull base dumbbell tumor, skull base 


surgery, spindle cell sarcoma. 


INTRODUCTION 


Skull base surgery offers the intriguing opportu- 
nity to perhaps benefit patients who have lesions 
previously considered to be unresectable. Difficult 
areas such as the cavernous sinus,! petrous apex,” and 
infratemporal fossa? can be surgically approached 
with relative safety. 


Tumors of the skull base in children and adoles- 
cents are quite rare. Those few tumors found have 
presented with a variety of tissue types and separate 
skull base anatomic locations.* Therefore, experi- 
ence with specific skull base tumors in pediatric 
patients 1s limited, and customized management must 
be employed. This invites the question of whether 
surgical debulking or excision of such a tumor might 
be offered for a young patient. 


We report our experience with two patients who 
had similarly located dumbbell-shape tumors, in the 
middle fossa—cavernous sinus region and the infra- 
temporal fossa and parapharyngeal space, to add to 
the cumulative experience in the literature. 


CASE 1 


A 12-year-old girl presented in 1984 with a 2- 
month history of left cheek and ear pain that was 
discovered to be due to a left parapharyngeal space 


spindle cell sarcoma. She was treated with irradiation 
twice daily at 3,360 cGy and received vincristine 
sulfate, actinomycin D, and cyclophosphamide. She 
also underwent resection of the tumor via a left 
mandibular body split approach with total gross ex- 
cision to the skull base. 


She returned in 1987 with a “funny sensation” 
along the distribution of left cranial nerves V1 and V2 
and complained of diplopia. Her physical examina- 
tion revealed no obvious evidence of tumor. A com- 
puted tomography (CT) scan (Fig 1) revealed a new 
mass measuring 3.5 cm in vertical height. The ex- 
tracranial component of this mass was in the area of 
the lateral pterygoid muscle and plate and extended 
medially and posteriorly to the lateral wall of the 
pharynx. This mass superiorly widened the foramen 
ovale and continued into the middle cranial fossa, 
where medially it abutted the cavernous sinus and 
posteriorly it protruded into the prepontine cistern. 


The patient underwent an awake, subzygomatic 
arch percutaneous needle biopsy of the left infra- 
temporal fossa mass using CT guidance. Cytologic 
examination was positive for high-grade sarcoma. A 
magnetic resonance imaging (MRI) scan corrobo- 
rated the CT findings and demonstrated a possible 
plane between the tumor and the temporal lobe (Fig 
2). The carotid artery in the cavernous sinus appeared 
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Fig 1. (Case 1) Computed tomograms. A) Coronal section demonstrating dumbbell-shape tumor (arrows). Isthmus 
is widened foramen ovale. B) Axial section demonstrating tumor (arrows) in region of cavernous sinus. 


to be patent. An arteriogram demonstrated flow 
through the carotid without definite evidence of 
tumor invasion. Since surgery had been elected, 
balloon embolization of the internal carotid artery 
was performed both distal and proximal to the tumor 
in the cavernous sinus after an occlusion test was 
performed to elicit possible neurologic symptoms. 


The patient was taken to the operating room, where 
she underwent a left-sided middle cranial fossa ap- 
proach (Fig 3). The cranial bone flap was opened and 
the temporal lobe was elevated sufficiently to see an 
obvious tumor with dense adherence to the dura, 
although appearing to be clearly defined by a plane of 
separation from the temporal lobe (Fig 4A). The 
tumor was adherent in the region of the cavernous 
sinus; the intracavernous carotid artery wall was 
found to be involved and was opened. A previously 
placed occlusion balloon was exposed in this arterial 
fenestration; no bleeding occurred (Fig 4B). Follow- 
ing complete, gross intracranial tumor removal, the 
residual tumor involving the foramen ovale, the third 
division ofthe fifth cranial nerve, and the infratemporal 
fossa was approached through the same exposure. 
The tumor was able to be followed through the 
foramen ovale into the left infratemporal fossa, where 
it was dissected from surrounding tissue by blunt and 
ultrasonic dissection through the eustachian tube and 
into the nasopharynx (Fig 4C). At this point, the 
radiotherapy team provided the previously constructed 
implant of radioactive iodine 125 seeds embedded in 
Gelfoam. Abdominal fat was placed medially against 
the clivus, onto which the implant was laid. The 
temporalis muscle was sutured to the dura of the 
cavernous sinus to provide a new support for the 
temporal lobe and to help provide a watertight seal. 


The next morning the patient was alert; she demon- 
strated a total third cranial nerve palsy. She rapidly 
became ambulatory and was able to go home at 1 
week postoperatively. A repeat CT scan demon- 
strated absence of tumor; the radioactive iodine seeds 
were noted (Fig 5). 


The patient continued treatments with supplemen- 
tal external beam irradiation and also with chemo- 
therapy. Six months later she underwent a craniotomy 
for a metastasis to the peripheral dura just under the 
skull table, quite distant from the original lesion. 
During this interval, the patient had experienced a 
return of most eye function from the third, fourth, 
and sixth cranial nerves. The patient then had another 
fruitful symptom-free interval, in which she pro- 
duced award-winning artwork, until massive intra- 
cranial recurrence was detected. A course of cisplatin 
dramatically but temporarily improved the lesion as 
seen on imaging. Thirteen months after her skull base 
resection, however, she slipped into a coma and died. 


CASE 2 


An 18-year-old boy presented with a 3- to 4-year 
history of persistent right-sided serous otitis media, 
previously treated twice with a pressure equalization 
tube. He had experienced a 2- to 3-month history of 
right periorbital and retroorbital headaches associ- 
ated with nausea and vomiting. A CT scan demon- 
strated a large, partly calcified mass in the right side 
of the skull base. Biopsy of the nasopharyngeal 
component yielded findings consistent with low- 
grade chondrosarcoma. 


The patient was referred to the Massachusetts 
General Hospital Department of Radiation Medicine 
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Fig 2. (Case 1) Magnetic resonance image demonstrating 
potential plane between tumor and temporal lobe (ar- 
rows). Carotid artery appears patent. 


in 1989 for consideration of treatment with proton 
beam radiotherapy. An MRI scan demonstrated a 2- 
to 3-cm dumbbell-shape mass in the right nasophar- 
ynx and juxtasellar region (Fig 6). The right cavern- 
ous sinus was involved by the mass, with tumor 
compressing the right internal carotid artery. Be- 
cause of the size of the tumor, the radiation therapist 
felt that debulking or excision could perhaps provide 
the patient with a better chance for control or cure. 
Therefore, the patient was referred to the otolaryngol- 
ogy and neurosurgery services. 


On physical examination, the right tympanic mem- 
brane was amber, retracted, and immobile. The left 
tympanic membrane was normal. In the nasophar- 
ynx, there was a mucosal-covered fullness on the 
right side that was somewhat erythematous as viewed 
with a flexible scope but appeared blue by mirror 
examination. Eye examination revealed a mild ptosis 
on theright side with limited upward and lateral gaze. 
There was mild hypalgesia on the right side of the 
nose and cheek. 


Prior to a surgical procedure, the patient under- 
went carotid arteriography that demonstrated that the 
internal carotid artery was grossly obstructed by 
tumor just beyond the carotid bifurcation in the neck. 
With selective intracranial arteriography via other 
vessels, however, patent anastomatic tumor vascular 
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Fig 3. (Case 1) Surgical incision for approach. Landmarks 
for tumor include foramen spinosum and foramen ovale. 


communications were discovered that were occluded. 


At surgery, a pterional approach between the tem- 
poral and frontal lobes was used. On retraction of the 
temporal lobe, a large mass of tumor was noted to 
occupy the medial portion of the middle fossa. Be- 
cause the third cranial nerve was draped over and 
adherent to the capsule of the tumor, an intracapsular 
dissection was used. The mass was very firm and 
cartilaginous. A frozen section demonstrated the tu- 
mor to be either well-differentiated chondrosarcoma 
or an enchondroma. Drilling commenced in the re- 
gion ofthe foramen spinosum and foramen ovale, and 
the tumor was followed extracranially to the ptery- 
goid. Noresidual tumor could be perceived. Abdomi- 
nal fat was placed into the cavity. The capsule was 
resewn to protect the floor and prevent the temporal 
lobe from herniating into the resection cavity. 


The next morning the patient was awake and alert 
and conversant. His ocular cranial nerve findings 
were the same as preoperatively. He was able to eat 
and to ambulate on the first postoperative day. 


The final pathology specimen was read as a benign 
enchondroma. Further review was consistent with 
this benign diagnosis and so treatment with radio- 
therapy or chemotherapy was withheld. 


On 3-month follow-up, the patient's vision had 
improved and he experienced no diplopia. On physi- 
cal examination, the right ear canal was patent. There 
was still an apparent effusion behind the tympanic 
membrane. His extraocular motion was normal on 
inspection, as was his pupil. 
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Fig 4. (Case 1) In this surgical position, 
caudad is to left, cephalad is to right, and 
anterior is to top of photo. A) Intracranial 
tumor (top arrow). Temporal lobe (bot- 
tom arrow) is retracted. B) Intracranial 
tumor removed. Note previously placed 
carotid artery occlusion balloon (arrow) 
seen through open artery wall in cavern- 
ous sinus. C) View through to nasophar- 
ynx (arrow) after tumor was resected 
through foramen ovale, infratemporal 
fossa, and parapharyngeal space. 
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Fig 5. (Case 1) Postoperative computed tomogram. Tumor 
has been removed and skull base is absent. Radioactive 
seeds are present as small circular densities. 


Eight months postoperatively the patient experi- 
enced a sudden return of retroorbital pain and diplopia. 
On physical examination, he demonstrated a partial 
fourth nerve palsy and a total sixth nerve palsy. His 
CT and MRI scans demonstrated an intracranial 
tumor mass similar to that on his preoperative films. 
He was again taken to the operating room and via a 
lateral middle fossa approach similar to that in case 1, 
the intracranial component was again debulked. The 
floor of the temporal fossa was further removed. The 
lateral pterygoid was exposed; tumor was encoun- 
tered immediately posterior to the pterygoid. Postop- 
eratively the patient had regained most eye motion by 
the fourth postoperative day, and he was discharged 
at 1 week. The histopathology findings were consis- 
tent with low-grade chondrosarcoma; he received 
proton beam irradiation and is currently alive with 
disease. 


DISCUSSION 


Skull base surgery has evolved^? elegantly from 
the initial intrepid drainage procedures done in the 
preantibiotic era. For example, Brunner® in 1946 
noted three routes to the cavernous sinus: a trans- 
sphenoid sinus approach, a middle cranial fossa ap- 
proach, and Mosher’s orbital exenteration-anterior 
approach. Masterful surgeons have refined tumor- 
oriented skull base surgery approaches and tech- 
niques. Such surgery, however, has been almost 
exclusively applied to adults. In young patients such 
tumors are less common, and except for angiofi- 
broma,’~? surgical treatment is not standardized be- 
cause of the lack of large patient series to assist with 
management of such lesions. 


Skull base surgery should not be withheld from 
young patients by using age as the sole criterion of 
exclusion. Adolescent and pediatric patients can prob- 
ably better tolerate ambitious therapy than adults. 
Young patients have theoretically more to gain with 
successful therapy, and conversely, considering the 
limited alternatives of palliation or no therapy, they 
have more to lose if treatment fails. In the case of a 
benign tumor causing significant symptoms, surgery 
becomes even more important, since no alternative 
treatment exists. 


The rationale for debulking differs when it is used 
for assisting with radiotherapy as opposed to chemo- 
therapy. For irradiation, debulking surgery can ad- 
vantageously improve the tumor dosage geometry. 
For example, in case 2, removal of the intracranial 
tumor component significantly reduced the radiation 
dosage to the brain, especially the temporal lobe, 
visual pathway, and brain stem. For chemotherapy, 
the relevance of debulking surgery involves both 
downstaging of the tumor!9.1! and the fact that chemo- 
therapy is more effective on microscopic residual 
tumor than on a large tumor mass. The reason may 
have to do with the tumor vascular supply or with 
cellular metabolism. 


Because of the possibility of intraoperative vascu- 
lar catastrophe in our cases, it was prudent to consider 
control in advance.!?1? Angiographic occlusion of 
the carotid artery proved extremely helpful. In case 1, 
it was not known preoperatively that the tumor had 
actually invaded the wall of the carotid artery. On 
tumor removal, the balloon that was occluding the 
carotid was actually seen through a large opening in 
the wall of the vessel. The patient did not lose any 
blood; the embolization prevented a catastrophe. In 
case 2, embolization was helpful, since routine 
arteriography initially appeared to demonstrate com- 
plete tumor compression of the internal carotid ar- 
tery. However, with more selective studies distal to 
the tumor, additional vessels were discovered that 
could have posed troublesome intracranial bleeding. 
Angiographic embolization was first tested by a trial 
occlusion to avoid possible neurologic sequelae. In- 
deed, other than some scalp sensations, patient mor- 
bidity was minimal. The long-term morbidity for a 
young patient such as eventual aneurysm or stroke 
remains unknown, but is felt to be low. 


Because of the uniqueness of this type of tumor, 
special radiotherapy modalities were used. Besides 
conventional external beam irradiation, implant irra- 
diation was performed in case 1, providing the equiva- 
lent of 10,000 cGy delivered very focally because of 
the short range of the emitted radiation. Another 
external type of radiotherapy, used for case 2, was the 
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Fig 6. (Case 2) Magnetic resonance images. A) Demonstrating dumbbell-shape lesion (arrows). B) Gadolinium- 
enhanced, demonstrating tumor at cavernous sinus. 


proton beam.!^ The physical characteristics of the 
proton beam and its interaction with living matter 
permit concentration of the radiation dose in the 
tumor to reduce the irradiation of surrounding critical 
normal tissues and organs. This technique has yielded 
quite satisfactory results in achieving control of cer- 
tain tumors with minimal treatment-related morbid- 
ity, ie, in the management of base of skull chondro- 
sarcoma and chordoma, in which the 5-year actuarial 
survival local control rate is 82% and the disease-free 
survival rate is 7690.15 


The middle cranial fossa contains a high density 
of critical anatomic structures medially and inferior- 
ly.5:16 These structures include the hypothalamus and 
midbrain, the cavernous sinus, cranial nerves III, IV, 
V1, V2, V3, and VI, and the middle meningeal artery. 
The carotid artery courses along the floor of the 
middle fossa, but is well encased in the temporal bone 
until itappears, quite medially, in the foramen lacerum. 
The other important foramina are also medial: the 
foramen rotundum for the exit of V2, the foramen 
ovale for the exit of V3, and the foramen spinosum for 
the entry of the middle meningeal artery. Therefore, 
with such a medial density of structures, one ap- 
proach, in theory, to a tumor of this location is from 
a lateral route. 

The infratemporal fossa, conversely, is the re- 
verse, with more anatomic structures located later- 
ally and superiorly.!© This fossa is medially bound- 
ed by less critical structures such as the lateral ptery- 


goid plate and pharynx. Although the lateral ap- 
proach to this fossa is quite refined and well de- 
scribed,? such an exposure does involve surgery of 
the mastoid and middle ear, facial nerve, mandible, 
and vascular soft tissues within the fossa. Given these 
anatomic realities, one logical exposure to an infra- 
temporal fossa tumor to avoid important lateral struc- 
tures is by continuation of a middle fossa approach 
aimed medially toward the pharynx. A similar ap- 
proach in the adult tumor patient has been described 
by Close et al. 


A middle fossa approach does provide certain 
advantages. First, there is no need to operate on the 
middle ear or mastoid, and the patient will not require 
a closed external ear canal. Second, the facial nerve 
need not be exposed or rerouted, and possible paresis 
is avoided. Third, the mandible will not require 
partial resection or subluxation. Fourth, excellent 
intracranial exposure is provided, whether the ap- 
proach is lateral or pterional. (It should be noted that 
the pterional approach did not permit the same degree 
of infratemporal fossa exposure as did the preferable 
lateral middle fossa approach.) Fifth, blood loss in 
our patients proved minimal. Sixth, both patients had 
a rapid recovery. Both experienced improved ocular 
motility and otherwise were active and capable of 
undergoing chemotherapy and radiotherapy. 


COMMENT 
Two young patients are described who underwent 
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a middle fossa approach for resection of dumbbell- 
shape skull base tumors. A definite recommendation 
for surgery, obviously, cannot be provided by two 
rare cases. This experience can, however, be added to 
the cumulative experience in the literature. Surgery 


945 


was technically possible and well tolerated, and pro- 
vided excellent exposure with the lateral approach, 
eliminating the need to operate on the ear, facial 
nerve, or mandible. In both of these cases, parent and 
patient satisfaction seemed high. 


ACKNOWLEDGMENTS — The authors thank Mary Austin-Seymour, MD, for radiotherapy design for case 1 and John Pile-Spellman, MD, for 
angiography in case 2. Betty Treanor provided excellent word processing and review. 


REFERENCES 


1. Sekhar LM, Sen CN, Jho HD, Janeka IP. Surgical treat- 
ment of intracavernous neoplasms: a four year experience. Neu- 
rosurgery 1989;24:18-30. 


2. Franklin DJ, Jenkins HA, Horowitz BL, Coker NJ. Man- 
agement of petrous apex lesions. Arch Otolaryngol Head Neck 
Surg 1989;115:1121-5. 


3. Fisch U, Fagan P, Valavanis A. The infratemporal fossa 
approach for the lateral skull base. Otolaryngol Clin North Am 
1984;17:513-52. 


4. Cocke EW Jr, Robertson JH, Robertson JT, Crook JP Jr. 
The extended maxillotomy and subtotal maxillectomy for exci- 
sion of skull base tumors. Arch Otolaryngol Head Neck Surg 
1990;116:92-104. 


5. Goldenberg RA. Surgeon’s view of the skull base from the 
lateral approach. Laryngoscope 1984;94(suppl 36). 


6. Brunner H. Intracranial complications of ear, nose and 
throat infections. Chicago, Ill: Year Book Publishers, 1946:239. 


7. Haughey BH, Wilson JS, Barber CS. Massive angiofi- 
broma: a surgical approach and adjunctive therapy. Otolaryngol 
Head Neck Surg 1988;98:618-24. 


8. Andrews JC, Fisch U, Valavanis A, Aeppli U, Makek MS. 
The surgical management of extensive nasopharyngeal angio- 
fibromas with the infratemporal fossa approach. Laryngoscope 
1989;99:429-37. 


9. Close LG, Schaefer SD, Mickey BE, Manning SC. Surgi- 
cal management of nasopharyngeal angiofibroma involving the 


Q 


cavernous sinus. Arch Otolaryngol Head Neck Surg 1989;115: 
1091-5. 


10. Mauer HM, Beltangady M, Gehan E. The intergroup 
rhabdomyosarcoma study I: a final report. Cancer 1988;61:209- 
20. 


11. Mauer HM, Ragab AH. Rhabdomyosarcoma. In: Sutow 
WW, Fernback DJ, Vietti TJ, eds. Clinical pediatric oncology. 
St Louis, Mo: CV Mosby, 1984:622-51. 


12. Miller JD, Jawad K, Jennett B. Safety of carotid ligation 
and its role in the management of intracranial aneurysms. J 
Neurol Neurosurg Psychiatry 1977;40:64-72. 


13. Miyamoto RT, Worth RM, Gilmore R. Detachable 
angiographic balloon catheter in skull base surgery. Otolaryn- 
gol Head Neck Surg 1988;99:46-9. 


14. Verhey LJ, Munzenrider JE. Proton beam therapy. Annu 
Rev Biophys Bioeng 1982;2:331-57. 


15. Austin-Seymour M, Munzenrider J, Goitein M, et al. 
Fractionated proton radiation therapy of chordoma and low- 
grade chondrosarcoma of the base of skull. J Neurosurg 1989; 
70:13-7. 


16. Clemente CD, ed. Gray's Anatomy of the human body. 
30th ed. Philadelphia, Pa: Lea & Febiger, 1985:160, 171-2. 


17. CloseLG, Mickey BE, Samson DS, Anderson RG, Schae- 
fer SD. Resection of upper aerodigestive tract tumors involving 
the middle cranial fossa. Laryngoscope 1985;95:908-14. 


28TH POSTGRADUATE COURSE IN EAR SURGERY 


The 28th Postgraduate Course in Ear Surgery will be held April 18-23, 1993, in Nijmegen, the Netherlands. For further information 
and registration form, please write to Prof Dr P. van den Broek, University Hospital Nijmegen, Department of Otorhinolaryngology, PO 
Box 9101, 6500 HB Nijmegen, the Netherlands; Fax: 080-540251. 


Ann Otol Rhinol Laryngol 101:1992 
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The syndrome of inappropriate secretion of arginine vasopressin (AVP) known as the syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH) is associated with a variety of malignant and nonmalignant diseases. Only 17 cases of SIADH have been 
reported in the literature in association with cancer isolated to the head and neck. A retrospective review of 1,436 patients with head and 
neck malignancy excluding skin cancer through The University of lowa Tumor Registry revealed 60 patients with the diagnosis of either 
SIADH or hyposmolality. A chart review for each of these patients was then done to establish the diagnosis of SIADH through relevant 
laboratory values and by excluding other causes of hyposmolality and hyponatremia. In 43 of these patients (3%), SIADH was found 
to be associated only with the cancer of the head and neck. We conclude that the incidence of SIADH in patients with cancer of the head 
and neck is much higher than previously recognized. As elevated serum AVP levels may not be clinically apparent unless associated with 


excessive water ingestion, it is possible that an even higher percentage of patients may have increased serum AVP levels. 


KEY WORDS — cancer, head and neck, SIADH. 


INTRODUCTION 


The syndrome of inappropriate secretion of antidi- 
uretic hormone (SIADH) is associated with a large 
number of neoplastic and nonneoplastic processes 
including lung infections, malignancies, and trau- 
ma.!-3 Elevated serum levels of arginine vasopressin 
(AVP) are not in themselves diagnostic of the clinical 
syndrome, but indicate the potential for developing 
SIADH should water loading occur. 


Reports of SIADH in association with cancer of 
the head and neck have been limited to small series 
totaling 13 cases of squamous cell carcinoma,*!2 
three cases of olfactory neuroblastoma,!2-!4 and one 
case of adenoid cystic carcinoma!5 (Table 14-15), Zo- 
har et al’ suggested that the incidence of the syn- 
drome in head and neck cancer patients may be higher 
than previously noted. Symptoms related to the elec- 
trolyte abnormalities accompanying SIADH are gen- 
erally minor and often may be overlooked in patients 
with the greater morbidity of head and neck cancer. 
Additionally, in many head and neck cancer patients 
dehydration may prevent expression of the syndrome. 


To establish the incidence of SIADH in a large 
population of patients with cancer of the head and 
neck and to further characterize those patients at risk, 
we performed a retrospective chart survey of patients 
with head and neck cancer entered over a 10-year 


period into The University of Iowa Tumor Registry. 


METHODS 


Patients (1,436) with head and neck malignancies 
excluding skin cancer and cancer of the thyroid 
treated at The University of Iowa between 1979 and 
1989 were identified through review ofthe university 
tumor registry. A computerized review of this data 
base employing the ICD-9-CM codes for SIADH 
(253.6) or hyposmolality (276.1) revealed 60 patients 
for whom one of these two diagnoses had been coded. 
A detailed chart review for each of these patients was 
then done to determine the diagnosis of SIADH 
through a review of relevant laboratory values and by 
excluding other causes of hyposmolality and hypo- 
natremia. Laboratory values considered compatible 
with diagnosis of SIADH are low serum sodium, 
blood urea nitrogen, uric acid, creatinine, and albu- 
min levels, with serum hyposmolality accompanied 
by inappropriately elevated urine osmolality.!-4 Pa- 
tient age, sex, tumor histopathology, and secondary 
tumors and disease processes, as well as diagnostic 
and therapeutic procedures, were reviewed for each 
patient. Thyroid and cardiac disorders were ruled out. 
Adrenal hypofunction could not be ruled out in all 
cases. Tumor staging was revised from the clinical 
description of tumor extent in accordance with the 
most recent American Joint Committee on Cancer 
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TABLE 1. PATIENTS WITH SIADH ASSOCIATED WITH 
CANCER OF THE HEAD AND NECK 


(LITERATURE REVIEW) 
No.of 

Author _- Year Pts Tumor Location 
Moses 

et al^ 1976 2 Larynx 
Forrest 

et al!0 1978 1 Tongue 
Robertson!! — 1978 1 Tongue 
Singh 

et al!? 1980 1 Nasal neuroblastoma 
Srigley | 

et al! — 1983 1 Olfactory neuroblastoma 
Hayes , . 

et al® 1986 2  Pharynx, oral cavity 
Osterman 

et alls 1986 1  Olfactory neuroblastoma 
Kandylis 

et al? 1986 1  Pyriform sinus 
Okutomi ' 

et alô 1987 1  Floorof mouth 
Abdi and 3 

Bishop? 1988 1 Tongue 
Tatemoto 

et all5 1989 — 1  Nasalcavity 
Zohar . 

et al? 1991 4  Larynx (3), pyriform sinus (1) 
Total 17 


classification. !6 
RESULTS 


Ten of 60 patients were excluded from the study 
because their hyponatremia was transient (under 36 
hours) and appeared to result from overhydration in 
the perioperative period!’ or because insufficient 
data were available for diagnosing SIADH. The re- 
maining 50 head and neck cancer patients included 
34 men and 16 women with ages ranging from 45 to 
83 years (mean 64 years, median 62 years). The 
tumor registry diagnosis included either SIADH (15 
patients) or hyposmolality (35 patients). We deter- 
mined the diagnosis of SIADH in these 50 cases on 
the basis of reviewing laboratory data, diagnostic test 
results, and clinical notes. Synchronous lung cancer 
was seen in 3 patients, and cancer metastatic to the 
lung in 3 others. An additional patient developed 
SIADH in the immediate postoperative period that 
resolved after 5 days. The remaining 43 patients had 
no identifiable cause for SIADH other than presence 
of their head and neck malignancy. Advanced tumor 
stage was present in all 43 patients (stage III 596 and 
stage IV disease 95%). The site of the primary tumor 
was the oral cavity in over 50% of the tumors, and all 
tumors were squamous cell carcinoma except for two 
adenoid cystic carcinomas (Table 2). Thirty-nine 
(9190) of the SIADH cases occurred in patients with 
recurrent tumor. 


The status of regional lymph node metastasis dur- 


TABLE 2. ORIGIN AND HISTOLOGY OF PRIMARY 
TUMOR IN 43 CASES (THE UNIVERSITY OF IOWA) 


No. of Cases of Squamous 


Anatomic Region Cell Carcinoma* 
Oral cavity 24 
Hypopharynx 5 
Nasopharynx 5 (1) 
Larynx 4 
Salivary glands 1 (1) 
Parapharyngeal space 2 


*Numbers in parentheses indicate adenoid cystic carcinoma. 


ing the period of SIADH diagnosis could be estab- 
lished in 28 cases. Thirteen of these 28 patients (46%) 
had neck disease staged as N3, 3 (1196) had N2 neck 
disease, and 4 (1496) had N1 neck disease. Eight 
patients (2996) had no clinically evident lymph node 
metastasis at the time of diagnosis of SIADH. 


Duration of the SIADH could be established in 42 
patients and varied from 2 days to over 2 years (mean 
2 months, median 28 days). Serum sodium levels 
ranged from 107 to 133 mEq/L, with a mean of 123 
mEq/L. Serum osmolality was found to be recorded 
in only 4 patients. Only 2 patients had sodium levels 
below 120 mEq/L, and both suffered from disorien- 
tation and lethargy. No correlation between serum 
sodium level and clinical findings was found in the 
remainder of the patients. Relevant laboratory data 
are presented in Table 3. 


A total of 11 patients were treated, 8 by fluid 
restriction and 3 others by adding demeclocycline 
hydrochloride 600 mg twice a day for an unidentifi- 
able period of time. 


DISCUSSION 


Although SIADH was initially diagnosed and re- 
corded in only 15 of the 50 cases reviewed retrospec- 
tively, clinical and laboratory parameters strongly 
suggestive of SIADH were present in the other 35. 
Six of these 50 patients had either primary (3 patients) 
or metastatic (3 patients) lung disease, and 1 other 
patient developed postoperative SIADH. 


Glucocorticoid deficiency and occasionally com- 
plete adrenal cortical insufficiency — Addison’s 
disease — may cause mildly depressed serum so- 
dium concentration with normal potassium and low 
to normal blood urea nitrogen.Weakness, fatigabil- 
ity, and weight loss are also associated with these 
disorders.!8 However, other major symptoms of 
hypoadrenalism, ie, hyperpigmentation, gastrointes- 
tinal symptoms, postural hypotension, hypercalcemia, 
and eosinophilia, were not recorded for the patients in 
the SIADH group. The overall clinical picture, the 
transient albeit lengthy course of the hyponatremia, 
and the clearing of symptoms either spontaneously or 
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TABLE 3. LABORATORY DATA FOR PATIENTS WITH SIADH AND HEAD AND NECK CANCER 





(THE UNIVERSITY OF IOWA) 
Laboratory Studies Normal Values No. of Pts Range Mean 
Serum sodium 135-145 mEq/L 43 107-133 123 
Osmolality of urine 350-1050 mOsm/kg 13 346-653 517 
Serum 280-300 mOsm/kg 5 196-264 250 
Blood urea nitrogen 10-20 mg/dL. 43 7-16 10.5 
Uric acid 2.4-7.0 mg/dL 40 2.8-6.0 3.6 
Creatinine 0.7-1.4 mg/dL 41 0.6-1.4 0.9 
Albumin 3.3-5.0 g/dL 38 3.1-5.0 3.8 


following definitive treatment all indicate that the 
underlying disorder was indeed SIADH and not 
hypoadrenalism. No identifiable cause for inappro- 
priate antidiuretic hormone secretion other than the 
presence of carcinoma of the head and neck was seen 
in 43 patients. As a result, this retrospective review 
identifies a 3% incidence of SIADH among a popu- 
lation of 1,436 patients with head and neck cancer. It 
should be noted that these patients did not exhibit 
marked clinical symptoms and in many instances, 
even in cases lasting for months, STADH was not 
identified by the treating physicians. Nineteen of the 
patients had a duration of SIADH longer than 1 
month. Although not necessarily in itself an indica- 
tion for treatment without clinical manifestations, 
this form of "chronic" SIADH is not common. At 
least part of the morbidity suffered by these compro- 
mised patients could be attributed to an electrolyte 
imbalance contributing to the symptoms of fatigue 
and lethargy. A significant finding of our study is that 
only 11 of the 43 patients identified with SIADH 
received treatment. 


Odell et al?:1? characterized the AVP content of 
blood in patients with carcinoma of the lung and 
another group with carcinoma of the colon, all with- 
out clinical evidence of SIADH. Forty-one percent of 
the patients with carcinoma of the lung and 43% with 
carcinoma of the colon had AVP concentrations that 
were above those in a normal population. Presum- 
ably, these patients would manifest SIADH if water 
intake significantly increased. Several pathophysio- 
logic mechanisms for “inappropriate” secretion of 
AVP or an AVP-like substance may be considered. 


1. Occurrence of SIADH may be related to ectopic 
secretion of AVP or an AVP-like substance by the 
tumor.>5:15 However, two lines of evidence chal- 
lenge this view. First, not all tumors studied demon- 
strated detectable amounts of antidiuretic activity. 


Second, many patients with cancer and inappropriate 
antidiuresis have resetting of the osmostat.2? It is 
unlikely that malignant tissue would acquire the 
capacity to both synthesize and osmoregulate AVP, 
since these functions are normally subserved by 
different neurons. Indeed, the SIADH was reversed 
by tumor resection in some cases, but AVP or an 
AVP-like substance was not detected in the tumoral 
tissue,®!3 or its levels were slightly above normal in 
the serum and negligible in tumoral tissue extract. 


2. Secretion of a neurotransmitter or releasing 
factor for AVP by the tumor is another hypothesis.!! 
Hayes et al? propose that a substance producing 
SIADH may be released from malignant cells during 
the rapid cytolytic phase of tumor destruction by 
chemotherapy. 


3. McQuarrie et al?! have demonstrated an in- 
creased effect of AVP in patients after bilateral si- 
multaneous neck dissection. Pressure on the neck 
vessels by tumor may also increase cerebral venous 
pressure, thus inducing release of AVP. 


4. Invasion of the vagus nerve (baroreceptor af- 
ferents) leading to baroreceptor denervation may 
lead to hyponatremia.?:!! 


CONCLUSONS 


1. The SIADH is encountered in head and neck 
cancer patients more frequently than formerly re- 
ported. A 3% incidence was shown in our series of 
patients. All patients with SIADH had advanced 
cancer of the head and neck. 


2. Symptoms of fatigue and lethargy in patients 
with advanced head and neck cancer are easily attrib- 
uted to their primary disease, whereas they may well 
be largely consequent to a secondary condition, 
SIADH. Identification and treatment of that condi- 
tion can substantially improve their well-being. 
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A new rat model was developed to reexamine the potential for laryngeal transplantation. The final anatomic derivation evolved from 
two earlier developmental phases. The first model had only a single arterial anastomosis; the second had an end-to-end arterial 
anastomosis with an end-to-end arteriovenous shunt. The final product employed an end-to-side arterial shunt and an end-to-side 
arteriovenous shunt for revascularization. The allografts were sited in tandem with the intact recipient larynges and were not innervated. 
A total of 16 animals were studied in phase 3; 2 died and the remaining 14 had a 64% arterial patency at intervals of 1 to 14 days. Our 
purpose is to detail the relevant technical considerations of this new model and compare it with historical controls. 


KEY WORDS — allograft, new model, transplantation. 


INTRODUCTION 


To evaluate the multifaceted field of laryngeal 
transplantation, we have developed a procedural 
model using a vascularized laryngeal allograft in the 
Wistarrat. Advantages relating to cost, graft patency, 
and recipient survival distinguish this operation from 
those defined previously. The model, detailed in this 
paper, can be used to test hypotheses regarding rejec- 
tion, tissue preservation, and pharmacologic agents. 


MATERIALS AND METHODS 


The allograft is harvested as follows. An intraperi- 
toneal injection of 1 mL/150 g of chloral hydrate 
augmented by ether inhalation is used to maintain 
anesthesia. The skin incision extends from the hyoid 
bone to the sternal notch. The salivary glands are both 
removed with a disposable cautery unit. The sterno- 
hyoid and thyrohyoid muscles are excised, and the 
omohyoid muscles are divided to expose the internal 
carotid arteries. Lateral retraction of the sternocleido- 
mastoid muscles enhances exposure, facilitating use 
ofthe dissecting microscope. The common and exter- 
nal carotid arteries are isolated from the vagus nerve, 
phrenic nerve, and surrounding muscles with jeweler's 
forceps. The caudal border of the isolation is the 
sternal notch, and thecephalic portion extends approx- 
imately 4 mm above the bifurcation of the superior 
thyroidartery. The external carotid arteries are ligated 


and severed above the superior thyroid arteries, with 
the common and internal carotid arteries left intact. 
Next, a 0.5-mL intrajugular injection of 100 U of 
heparinized saline is administered. 


The right internal carotid and ascending pharyn- 
geal arteries are isolated microscopically and ligated 
in tandem, with 7-0 Prolene, 1 mm superior to the 
carotid bifurcation (see Figure, C). Repetition of the 
procedure on the opposite side leaves the larynx 
pedicled on the inferiorly based arterial supply and 
the pharyngoesphageal enclosure. Following lateral 
isolation, the lower border of the larynx is freed by 
transection of the trachea at the second tracheal ring. 
Thecautery is then used for posterior dissection of the 
larynx from the esophagus. This isolation is contin- 
ued cephalad to the superior thyroid artery until the 
larynx is connected to the donor rat only by its 
vascular pedicle. The carotid arteries are clamped 
bilaterally at the level of the sternal notch, and the 
larynx is removed following their transection imme- 
diately above the clamps. The donor rat is killed 
painlessly with an intracardiac injection of chloral 


- hydrate. 


The laryngeal graft is immediately immersed in an 
iced bath of heparinized saline (200 U/10 mL). A 22- 
gauge intravenous catheter is inserted into one carot- 
id artery, and the graft is flushed with the heparinized 
saline solution. The end point is the disappearance of 
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Rat models for laryngeal allograft. A) First model. End-to-end arterial 
anastomosis with no venous outflow. B) Second model. End-to-end 
arterial and arteriovenous anastomoses. C) Current model. End-to-side 
arterial and arteriovenous anastomoses. cc — common carotid, ej — 
external jugular vein, v — vagus nerve. 





the microscopically visible bloody discharge from 
the opposite carotid artery. It is vital that all blood be 
removed. 


With the graft remaining in solution, a second 
Wistar rat is anesthetized and prepared in the stan- 
dard fashion. The incision and removal of the muscu- 
lature are performed as described for the donor rat, 
with the dissection being limited to the left side. The 
carotid artery is exposed and a 1-cm section of the 
vessel is isolated, approximately 5 mm caudal to the 
carotid bifurcation. A double microsurgical clamp is 


attached to the latter segment with a 5-mm gap. With 
a microscissors, a 2-mm incision is made in the 
ventral side of the carotid artery, between the clamps. 
The allograft is removed from the heparinized saline 
and positioned so that its right internal carotid artery 
can be anastomosed to the left internal carotid artery 
of the recipient. An end-to-side anastomosis is per- 
formed with 10-0 Prolene. Next, the left internal 
carotid of the allograft is trimmed to a length at which 
it can be anastomosed end-to-side to the isolated 
external jugular vein without kinking or torsion. 
Removal of the carotid artery clamp is followed by 
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TABLE 1. PHASE 1 RESULTS 


- Patent AA. 

No. of Rats Survival (d) No. % 

1 1 0 0 

1 5 0 0 

4 7 I 25 

Total 6 1 17 


AA —- arterial anastomosis. 


release of the external jugular clamp. Bleeding from 
the allograft edges is controlled with the cautery, care 
being taken to avoid the vascular pedicle. A 0.5-mL 
intrajugular injection of 100 U of heparinized saline 
is administered, and the wound is closed with a 
subcuticular stitch. Only one injection of 120,000 U 
of intramuscular penicillin is administered, and all 
animals are given oral tetracycline in their water 


supply. 


A skillful microvascular surgeon can complete a 
full transfer in 3 to 4 hours. The thyroid gland is left 
on the specimen, as an excellent initial microscopic 
blood flow within the gland, with an associated 
return to normal color, is an essential marker of future 
viability. 


RESULTS 


Our results are presented in three phases, demon- 
strating the evolution of the model and the corre- 
sponding increase in vascular patency. In phase 1, an 
end-to-end arterial anastomosis was performed, join- 
ing the left common carotid artery of the recipient to 
the right common carotid artery of the donor. In 
harvesting the graft, all branches of the right carotid 
system were ligated, except the superior thyroid 
artery. The left superior thyroid artery was cauterized 
as it entered the larynx. In summary, this model 
employed a single arterial supply to the graft without 
venous or neuronal anastomoses (see Figure, A). 


Six rats were studied. One had a patent arterial 
anastomosis at 7 days, while the remaining five 
evidenced thrombosis at the anastomotic sites. All 
had surrounding hematomas (Table 1). Histologi- 
cally, rats surviving 1 week had significant granula- 
tion tissue around the graft. Despite Boles’s study! 


(see Discussion), it seemed apparent that this model 
would require venous access. 


In phase 2, the left superior thyroid artery remained 
intact, in continuity with the carotid system. The right 
arterial anastomosis was identical to that used in 
phase 1, but the donor’s left common carotid artery 
was anastomosed end-to-end with the left external 
jugular vein of the recipient, providing venous return 
(see Figure, B). Of the three rats in this series, one 
died postoperatively of hemorrhage, and the remain- 
ing two evidenced thrombus at the arterial anastomo- 
sis within 24 hours. Graft edema was qualitatively 
less than that observed in phase 1. Thrombosis was 
thought to result in part from a high-flow system 
being channeled completely into a single small supe- 
rior thyroid vessel, inducing endothelial injury. In 
addition, an end-to-end arteriovenous anastomosis 
resulted in a relative increase in venous backflow 
pressure, limiting effective venous return. These con- 
siderations ended further experimentation with this 
model. However, both issues were effectively ad- 
dressed in phase 3. 


The surgical procedure for phase 3 is detailed in the 
Methods section. Sixteen transplants were performed 
with this protocol, and graft recipients were killed at 
intervals ranging from 1 to 14 days. Two rats died in 
the immediate postoperative interval (13% mortal- 
ity). Theremaining 14 rats evidenced an average 64% 
arterial patency and 43% venous patency (Table 2). 
All grafts with arterial perfusion were grossly viable, 
regardless of the status of the venous anastomosis. 
The viability of this model was confirmed histopatho- 
logically. 


DISCUSSION 


The applicability of this model is best assessed in 
a historical context. Analyses of prior attempts at 
laryngeal transplantation are relevant, as they define 
future areas for investigation. However, the well- 
known dose-related sensitivity of the dog to xenobiot- 
ics has slowed development of several xenobiotics 
and has not correlated with subsequent human expe- 
rience. Therefore, the dog, as a model for evaluating 
new therapeutic modalities, for the most part is passé. 


TABLE 2. PHASE 3 RESULTS 


Patent AA Patent AV 
No. of Rats Survival (d) Ischemic Interval (min) No. % No. % 
5 1 58- 88 3 60 2 40 
4 3 60- 99 2 50 2 50 
3 5 43-100 2 66 2 66 
2 14 50- 60 2 100 0 0 


Two rats died in postoperative period and are not included in this Table. 
AA — arterial anastomosis, AV — venous anastomosis. 
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The evolution of our animal model in this field has 
resulted in a product that can serve as a cornerstone 
for research related to laryngeal transplantation. 


Autotransplantation of the canine larynx repre- 
sented the initial work in this field. In 1966, Boles! 
described a series of operations performed in dogs in 
which the larynx was either partially or completely 
resected and then replaced in the same animal. He 
noted that if the thyroid vessels and nerve supply to 
the larynx were left intact, the graft would remain 
viable. Additionally, adequate perfusion could be 
achieved by using asingle craniothyroid artery, never 
separated from its carotid supply. When the entire 
laryngeal blood supply was ligated, however, all 
attempts at reanastomosis failed. This finding sug- 
gested that laryngeal viability could be maintained 
with only limited blood supply when graft innerva- 
tion remained intact, and that graft failure was sec- 
ondary to arterial thrombus formation and problems 
with postoperative management. Our trial with a si- 
milar approach in the rat failed, confirming the need 
for venous return. 


In 1967, Takenouchi et al? defined four different 
protocols for vascular reanastomosis of the trans- 
planted canine larynx. In one set of experiments, the 
craniothyroid arteries were anastomosed primarily, 
while in the second procedure, these arteries were 
removed en bloc with the carotid system, and a 
carotid anastomosis was performed to restore arterial 
flow. Each of these procedures utilized both single- 
and double-parameter isolation techniques. Take- 
nouchi et al concluded that graft viability could be 
maintained via unilateral carotid reanastomosis, and 
that a 45-minute ischemic interval was the longest 
that could be tolerated before irreversible anoxic 
damage occurred to the graft. In a similar study using 
11 dogs, Silver et al? determined that bilateral carotid 
reanastomosis was technically feasible and consis- 
tent with animal survival. Although these data dem- 
onstrated the potential for revascularization of a 
laryngeal graft, low arterial patency, chronic aspira- 
tion, and poor recipient survival prevented wide- 
spread acceptance of these models. 


The aspiration problem was solved by Silver et al^ _ 
in 1970, with the creation of two stomas. When this 
advanced model was tested on 18 dogs, 10 survived 
for longer than 1 week and none developed tracheal 
occlusion or aspiration pneumonia. Enhanced surviv- 
al allowed for detailed evaluation of arterial patency. 
Twenty-one dogs that underwent bilateral carotid 
reanastomosis and survived for 4 days or longer 
evidenced only a 29% incidence of graft necrosis. 
Despite these advances, problems of postoperative 
management, cost, and the need for large trials initi- 
ated our search for an alternative animal species in 
which laryngeal transplantation could be evaluated. 
Such studies in humans would not be feasible, as 
rejection would lead to certain death. 


Our goal was to create an animal model for laryn- 
geal transplantation that could be used to test cur- 
rently undefined parameters relating to graft sur- 
vival. Initial attempts utilized sheep and dogs, as they 
afforded the opportunity to compare our data with 
those from previous experiments. Ultimately, cost, 
anatomic considerations, and the need for large num- 
bers of animals defined the rat as the most suitable 
animal consistent with our selection criteria. 


In the attempt to restore relatively normal vascular 
anatomy and decrease the potential for endothelial 
damage from an abnormal flow state, bilateral end- 
to-side arterial and venous anastomoses were em- 
ployed. All viable larynges were submitted for his- 
topathology confirming the viability of the model. 
Our data compare favorably with those generated 
from previous canine experiments. Rates of graft 
necrosis are significantly less than in the majority of 
historical controls, and postoperative mortality is less 
than 15%. Low cost, combined with a modicum of 
required postoperative care, defines this model as 
suitable for large trials to determine the fundamental 
criteria for graft life. High rates of recipient survival 
should subsequently enable us to define the relative 
applicability of various immunosuppressive drug 
regimens, and, in particular, their effect on laryngeal 
tumor growth. 
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SOFTWARE REVIEW 


THE TMJ SCALE: INCLUDING A COMPUTER PROGRAM DISK AND 
74-PAGE ILLUSTRATED MANUAL 


Authors: Stephen R. Levitt, Tom F. Lundeen, and Michael W. McKinney. 

Company: The Pain Resource Center, Inc, Durham NC; phone (919) 286-4515. 

Hardware requirements: IBM-compatible computer; hard disk not required. 

Software requirements: The program is fully operational, not requiring an additional data base. 


Price: Between $14 and $18 per patient evaluation. 


The TMJ Scale Manual is a computer program 
designed to fulfill the need for a self-assessment of 
temporomandibular joint (TMJ) disorders. In order 
to create a multidimensional assessment tool for the 
dentist and physician who attend these ailments, the 
originators of this program relied on their many years 
of theoretic and clinical experience with this type of 
patient. By their own estimate, this program “repre- 
sents a sophisticated evaluation instrument which has 
descriptive, discriminative and predictive abilities, 
and which is based on a self-report symptom inven- 
tory." 

The computer program is easy to install and run on 
any standard IBM or IBM-compatible computer, but 
a basic knowledge of the use of the computer is 
necessary to expedite its use. A printout is available 
at the press of a button, but I found setting up a printer 
to be alittle more difficult than the instructions led me 
to believe. 


Patient data are collected in a detailed, descriptive 
questionnaire given to the patient on the initial visit. 
The data are easily and quickly entered into the 
computer, as each question is rated from 1 to 4. The 
authors tout the questionnaire as a time-saving step 
because the 97 questions on it are revealing enough to 
screen for psychosocial and non- TMJ disorders. Be- 
cause of the nature of TMJ disorders and the person- 
alities with which they are frequently associated, a 
standardized test hardly seems sufficient. This would 
seem especially true when it is given impersonally at 
theinitial encounter. These same disadvantages, which 
are recognized by the authors, exist when trying to 
standardize diagnostic criteria for any physical disor- 
der. 


The program itself is designed to score, record, and 
print 25 data entries, after which it is exhausted. 
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There is a copy protection on the program that pre- 
vents copying or transferring the program to another 
computer once it has been installed. 


The TMJ scale itself is a complex system designed 
to assess the physical, psychosocial, and global di- 
mensions of the patient's symptoms. The manual 
goes into exceptional detail about the dimensions, 
explaining the significance of each. Interestingly, the 
discussion on the global scale contains five physical 
symptoms highly predictive of TMJ disorders. In- 
cludedin the manual are all the statistical data needed 
for interpretation. 


The difficulty with this program is its usefulness as 
aclinical tool. It adds little to what can be found from 
a good history and physical examination. The pro- 
gram may speed the process by obtaining the answers 
to certain basic questions before the patient is seen, 
however. Those who see only a limited number of 
TMJ disorders will be less likely to spend the time and 
money involved in administering this test. The aver- 
age otolaryngologic practitioner will probably find 
little use for this particular program in his office. 


Two groups that might find the program useful 
would be practitioners who see a large number of 
TMJ patients and academic otolaryngologists inter- 
ested in researching this topic. They would require 
and benefit from such an efficient method of constant 
documentation and tracking of TMJ patients. Therein 
lies the real benefit of using this program: to stan- 
dardize the symptoms and responses of TM] patients. 
The authors should be commended for their scientific 
approach in the development of this user-friendly 
program. 


CARL M. NECHTMAN, MD 
Birmingham, Alabama 
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IMAGING CASE STUDY OF THE MONTH 


MAGNETIC RESONANCE ANGIOGRAPHY OF SYNCHRONOUS 
BILATERAL CAROTID BODY PARAGANGLIOMAS AND BILATERAL 
VAGAL PARAGANGLIOMAS 


MAJ MOISES A. ARRIAGA, MC, USAF 
LACKLAND AIR FORCE BASE, TEXAS 


WILLIAM W. M. Lo, MD 
LOS ANGELES, CALIFORNIA 


Effective management of head and neck paragan- 
gliomas requires close cooperation between the cra- 
nial base surgeon and the radiologist in both the 
diagnosis and treatment of this disease. Carotid and 
vagal paragangliomas present characteristic clinical 
and radiographic features that permit a diagnosis 
without the potential danger of an open biopsy.! The 
magnetic resonance imaging (MRI) features of such 
tumors have been described. We report the combined 
use of MRI and a new technique, magnetic resonance 
angiography (MRA), that permitted the preoperative 
diagnosis of synchronous bilateral carotid body and 


Fig 1. Coronal T1 magnetic resonance images. A) Nonenhanced. Shows 
bilateral carotid body paragangliomas and bilateral vagal paragangliomas. 
Arrowhead — hypointense image of carotid artery in relation to right-sided 
lesions, c — carotid body tumors, v — vagal paragangliomas. B) Enhanced. 
Shows close-up of right-sided lesions. Note that tumors are enhancing and 
hypervascular. Multiple hypointense foci represent vessels carrying rapidly 


flowing blood (arrowheads). 





DERALD E. BRACKMANN, MD 
LOS ANGELES, CALIFORNIA 


bilateral vagal paragangliomas in a patient with bilat- 
eral neck masses. 


CASE REPORT 


A 29-year-old woman was referred for evaluation 
of bilateral neck masses. She denied neck pain, hoarse- 
ness, dysphagia, odynophagia, hemoptysis, hearing 
loss, tinnitus, or a family history of head and neck 
tumors. 


Physical examination revealed bilateral cervical 
masses that moved from side to side but not in a 





From the House Ear Clinic, University of Southern California School of Medicine (Arriaga, Brackmann), and the Department of Radiology, St 
Vincent Medical Center (Lo), Los Angeles, California. The opinions expressed are the private views of the authors and do not necessarily represent 


the views of the Department of Defense or the US Air Force. 


REPRINTS — Derald E. Brackmann, MD, House Ear Institute Library, 2100 W Third St, Los Angeles, CA 90057. 
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Fig 2. Oblique view of magnetic resonance angiography 
of bilateral carotid body paragangliomas and bilateral 
vagal paragangliomas. Arrowheads identify vagal para- 
ganglioma portion of tumor masses. Note that carotid 
bifurcations are splayed bilaterally by carotid body tu- 
mors, and internal carotid artery is deflected anteriorly by 
vagal paragangliomas. R — right, L — left. 


cephalocaudal direction. The left mass was centered 
at the angle of the mandible and measured 5.5 cm in 
diameter. The right mass was centered at the level of 
the hyoid and measured 3.5 cm. Oropharyngeal ex- 
amination disclosed fullness of the left parapharyngeal 
space without airway obstruction, and cranial nerves 
IX, X, XI, and XII functioned normally. The remain- 
der of her neuro-otologic examination findings were 
normal. 


Magnetic resonance imaging with intravenous 
gadopentetate dimeglumine (Magnevist) demon- 
strated bilateral, smoothly marginated, ovoid en- 
hancing masses along the internal carotid arteries, 
with the caudal ends of the masses widening the angle 
between the internal and external carotid arteries. 
Multiple fine hypointense foci consistent with ves- 
sels carrying rapidly flowing blood were present 
within the masses (Fig 1). The left-sided mass ex- 
tended to the superior limit of the poststyloid para- 
pharyngeal space (carotid space). Both masses were 
bilobed, but the lobes did not appear separable. 


Magnetic resonance angiography was performed 
to demonstrate the relationship of the lesions to the 


carotid artery and to evaluate the lesions for actual 
involvement of the carotid artery (Fig 2). There was 
no narrowing of the lumen of the carotid artery. On 
both sides the inferior lobes splayed the bifurcation of 
the internal and external carotid arteries, displacing 
the former posteriorly — the characteristic “lyre 
sign” of carotid body tumors. By contrast, the supe- 
rior lobes on both sides displaced the internal carotid 
arteries anteriorly — a finding characteristic of glo- 
mus vagale tumors.” Thus, the diagnosis of synchro- 
nous bilateral carotid body paragangliomas and bilat- 
eral vagal paragangliomas was based on the MRI 
findings of bilateral hypervascular masses and the 
MRA findings of carotid displacements characteris- 
tic of carotid body tumors and glomus vagale tumors, 
respectively. 


Conventional intra-arterial contrast angiography 
confirmed the presence of bilateral hypervascular 
tumors fed principally from the ascending pharyn- 
gealarteries, but could not clearly separate the carotid 
body and the vagal components (Fig 3). Embolization 
was not performed. 


The patient underwent removal of a left carotid 
body paraganglioma and a separate left vagal para- 
ganglioma. Removal of the intravagal lesion necessi- 
tated transection of the left vagus nerve. The patient 
tolerated the procedure well, and has compensated 
without surgery for the left vagal paralysis. The 
patient is scheduled for resection of the carotid body 
tumor on the right. However, resection of glomus 
vagale lesions usually results in vagal paralysis? and 
this would result in bilateral vocal cord paralysis for 
this patient. Thus, the right vagal paraganglioma will 
be followed radiographically. If the tumor subse- 
quently demonstrates growth, treatment options in- 
clude embolization, irradiation, or both. 


DISCUSSION 


Magnetic resonance angiography is a new diag- 
nostic imaging study that exploits the sensitivity of 
MRI to blood flow.^ Vessels containing rapidly flow- 
ing blood can be isolated from stationary tissues and 
displayed by themselves without intravascular con- 
trast injection. Three-dimensional information can 
be viewed in rotation on a monitor and recorded in 
multiple projections. 


Although not yet capable of resolution of smaller 
vessels visible on selective arteriography, MRA has 
already found successful application in the detection 
of stenosis and occlusion of carotid and cerebral 
arteries, intracranial aneurysms, occlusion of dural 
sinuses, etc. The imaging characteristics of a carotid 
body tumor with MRA have been described.? This 
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Fig 3. Lateral view of bilateral carotid artery 
arteriograms of synchronous carotid body and 
vagal paragangliomas. Carotid body tumors de- 
flect internal carotid artery posteriorly, and va- 
gal paragangliomas deflect internal carotid ar- 


tery anteriorly. a — anterior, p — posterior, p 


R — right, L — left. 


case illustrates the potential role of MRA in multiple 
paragangliomas. 


The role of MRA in paragangliomas depends on 
the location of the lesion. The value of preoperative 
embolization of glomus tumors has been recognized.® 
Thus, glomus jugulare patients require conventional 
angiography for preoperative embolization, and MRA 
does not offer advantages. However, for carotid 
paragangliomas, some authorities advise against 
preoperative embolization.’ The acute inflammatory 
response to the embolization particles can obscure 
the surgical plane between the tumor and the internal 
carotid artery. If the surgeon prefers not to embolize 





carotid body and vagal paragangliomas, then MRA 
offers the advantage of studying the relationship of 
the tumor to the carotid artery while avoiding invasive 
carotid artery angiography and its potential morbid- 
ity. 


CONCLUSION 


We conclude that MRA is a useful adjunct in MRI 
of carotid body and vagal paragangliomas. Where 
embolization is not required or not feasible, MRA can 
be an adequate substitute for conventional contrast 
angiography for demonstration of relationships be- 
tween masses and vessels. 
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PATHOLOGY CONSULTATION 
EMBRYOMA (SIALOBLASTOMA) OF SALIVARY GLANDS 


JOHN G. BATSAKIS, MD ROBERT FRANKENTHALER, MD 
HOUSTON, TEXAS 


There are four clinicopathologic categories of the exclusively major salivary gland tumors that present in the perinatal period. The 
two with the smallest representation among the 20 cases reported to date are those with a hamartomalike appearance and those with benign 
adult equivalents — the pleomorphic and monomorphic adenomas. Five cases have been undifferentiated or basaloid salivary 
carcinomas. Embryomas (sialoblastomas) are the most numerous. These tumors manifest a histologic phenotype like that of the epithelial 
anlage of the salivary glands, albeit in an arrested state of differentiation. 


Fewer than 5% of all salivary gland tumors occur found in children who are between 10 and 20 years of 
in children.! For epithelial neoplasms there is an age.? The first decade is a relatively spared time, and 
increasing incidence over the first 20 years. Most are perinatal (congenital or neonatal) epithelial neoplasms 








Fig 1. Hamartomalike perinatal tumors of submandibular gland. 
A,B) Tubuloductal phenotype with acinar differentiation. Note 
lobular arrangement with fully differentiated lobule and resem- 
blance to monomorphic adenoma. C) Different tumor without 
normal submandibular parenchyma. Acinar differentiation in 
tubuloductal structures is evident. Note loose and immature 
stroma. 
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From the University of Texas M. D. Anderson Cancer Center, Houston, Texas. 


REPRINTS — John G. Batsakis, MD, Dept of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 
77030. 
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Fig 2. Three parotid gland embryomas that presented in perinatal period. A,B) Solid and embryonic-appearing cell groups. Only 
demonstrable differentiation features are sebaceous clusters and early ductal space. C,D) Two different embryomas. Both tumors 
show mitotic figures, not unexpected and not indicating malignancy. C) Minimal differentiation is manifest. D) Attempts at some 
organization, eg, ducts, are seen. 


are in the realm of curiosities.?? As a result, the latter 
neoplasms pose problems in diagnosis, nomencla- 
ture, and management. 


Although limitations are imposed by their rarity, 
differences in terminology, and short follow-up peri- 
ods, the 20 reported examples of perinatal epithelial 
salivary gland neoplasms have several distinctive 
features.^5 All have been found in major salivary 
glands, most prevalently in the parotid gland. Fifteen 
of the 19 tumors in which the site of origin was 
identified arose in the parotid gland, the remainder in 
the submandibular gland. Five of the tumors (2596) 
were histologically and biologically malignant at the 
time of their reporting. Three poorly differentiated 
carcinomas were lethal after distant metastases. Two 
others, classified as basaloid carcinomas, showed 
histologic evidence of invasion of nerves, and 1 also 
had a metastasis to a cervical lymph node. Neither 


had recurred after surgical removal. 


From a histopathologic viewpoint, the perinatal 
salivary gland tumors fall into four categories: 1) 
histologically benign with adult counterparts, ie, pleo- 
morphic and monomorphic adenoma; 2) hamartoma- 
tous (Fig 1); 3) histologically evocative of the embry- 
onic epithelial anlage of the major salivary glands at 
various stages of its branching morphogenesis and 
cytodifferentiation (Fig 2); and 4) histologically and 
biologically malignant. The adult-type benign tu- 
mors are the least common; the anlage-type tumor is 
the most often encountered.” 


The histologic appearance of the anlage-type tu- 
mors reflects stages during the embryonic develop- 
ment of the major salivary glands. An often mitoti- 
cally active and primitive cell mass with formative 
ducts and pseudoductular spaces, without acinar dif- 
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ferentiation, recalls the preacinar stages of morpho- 
genesis.” A loose, investing mesenchyme with an 
embryonic appearance completes the embryonic 
quality of the tumors. The cells (organoblasts), al- 
though committed to the development of salivary 
tissue, remain in a primitive state of organ develop- 
ment and are in a maturation arrest. Either embryoma 
or sialoblastoma is appropriate as a diagnostic term 
for this group of congenital salivary gland tumors.23.6 


Hamartomas are further advanced in their morpho- 
genesis and cytogenesis. The embryonic quality of 
the differentiating cells is no longer evident, and there 
are acini. Most often the mesenchyme retains a loose 
embryonic appearance, This type of perinatal tumor 
seems to have a predilection for the submandibular 
gland. There is also an indistinct histopathologic 
border between the hamartomas and some tubulo- 
ductal forms of monomorphic adenoma. 


Batsakis et al? have suggested guidelines for surgi- 
cal pathologists should they have to deal with these 


rare tumors: 1) those neoplasms fulfilling criteria for 


classes of adult salivary gland tumors, eg, pleomor- 
phic adenoma, monomorphic adenoma, undifferenti- 
ated carcinoma, or a hamartomatous lesion, should 
be so designated; 2) neoplasms not able to be classi- 
fied according to criteria used for adult neoplasms _ 
should be called embryoma or sialoblastoma with the 
additional qualifiers of histologically benign or ma- 
lignant; and 3) criteria for malignancy in the embry- 
oma-sialoblastoma group should include invasion of 
nerves or vascular spaces and the ancillary findings 
of necrosis and a cytologic atypia beyond that ex- . 
pected or presumed for embryonic epithelium. An 
“invasive” pattern without the foregoing findings is 
not a reliable feature, since that feature is intrinsic to 
the salivary gland epithelial primordium. 


‘Until our knowledge of the biologic characteristics 
of the embryoma-sialoblastoma group of perinatal 
salivary gland tumor is more advanced, an overly 
aggressive management beyond surgical removal is 
not indicated.2? 
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20TH INTERNATIONAL CONFERENCE ON COCHLEAR IMPLANTS 


The 20th International Conference on Cochlear Implants will be held June 23-25, 1993, at the Ritz-Carlton Hotel, San Francisco, 
California. For further information, contact University of California, Extended Programs in Medical es Room LS-105, San 


Francisco, CA 94143-0742; (415) 476-4251. 
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KARL STORZ LARYNGOSCOPES 
FOR QUALITY, SELECTION 
AND DOCUMENTATION 


Presser Kleinsasser, West Germany, introduced 


the procedure of microlaryngoscopy over two 
decades ago. This procedure created a need for 
specially designed operating tools for use in the 
larynx and nasopharynx. Karl Storz adult and 


pediatric laryngoscopes are lightweight, 
adapt to a variety of suspension 
systems and provide excellent views 
of the operating field. 


WIDEST VARIETY 

If you routinely perform laryngoscopy, 
you know the need for a wide variety 
of laryngoscopes. Karl Storz offers 
high quality laryngoscopes and instru- 
ments to meet all your endoscopic needs. 





Karl Storz GmbH & Co., MittelstraBe 8-Postfach 230, D-7200. Tuttlingen, West Germany, Phone: (07461)-7080, Telex: 762 656 storz d, 
Telefax: 49 7461 708105, Cable: Endoskopie • Karl Storz Endoscopy-America, Inc., 10111 W. Jefferson Boulevard, Culver City, CA 
90232-3578, Phone: 213 558 1500, Toll Free: 800 421 0837, Telefax: 213 280 2504 » Karl Storz, Endoscopia Latino America, Inc., 815 
N.W. 57th Avenue, Suite 342, Miami FL 33126, Phone: 305 262 8980, Telex: 510 601 6506 KARL STORZ. Telefax: 305 262 8986 


The Kleinsasser anterior com- 
missure laryngoscope, available in 
standard and extra long lengths, pro- 
vides a clear, comprehensive view of 
the laryngeal area even in difficult 
anatomic conditions, such as limited 
oral aperture and short, thick necks. 

A panoramic view of the adult 
and pediatric laryngopharynx may be 
clearly seen and easily inspected with 
our Lindholm operating 
laryngoscope. 

The Weerda distending operat- 
ing laryngoscope combines the 
advantages of the Kleinsasser and the 





Photo by 
Dr. Bruce Benjamin, 
Sydney, Australia. 


Killian-Lynch suspension laryngoscopes. Its small 
anterior-posterior diameter facilitates insertion and 
can be distended for optimal exposure of the epi- 
glottis and arytenoids. 
For a larynx which is difficult to visualize, the 
new Benjamin binocular “slimline” is ideal. 
The wide proximal end of the Benjamin 
pediatric operating laryngoscope 
also provides binocular viewing and 
maximum illumination of the operat- 
ing field. Introduction of any laryngo- 
scope is facilitated by the 
Benjamin-Havas fiberoptic light clip. 


View through Karl Storz 
Lindbolm operating laryngoscope. 


INCREASED STABILITY 
For microlaryngeal surgery, a complete 
set of instruments, in 18cm and 23cm 
lengths, is available with a unique triple reinforced 
shaft for manual stability. We offer the new 
ohapshay/Healy 20cm instruments for phonatory 
and pediatric surgery. 


DOCUMENTATION 
Documentation telescopes provide excellent video 
and 35mm images through all direct laryngo- 
scopes. Ask your local Karl Storz representative 
about our high resolution Zoom video camera. 

No other company offers the quality and 
selection of Karl Storz. Call or write today for 
detailed information or a demonstration. 


STORZ 


Karl Storz Endoscopy 
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INDIUM 111-LABELED LEUKOCYTE SCINTIGRAPHY IN 
EVALUATING HEAD AND NECK INFECTIONS 


JEFFREY S. EPSTEIN, MD 
LAWRENCE GROBMAN, MD 


WILLIAM I. GANZ, MD 
W. JARRARD GOODWIN, MD 


MARK LIZAK, MD 
MRINAL K. DEWANJEE, PHD 


MIAMI, FLORIDA 


This retrospective study looked at the role of indium 111-labeled white blood cell ("In WBC) scintigraphy in head and neck 
infections. The efficacy of "In WBCs was compared to gallium 67 citrate (Ga) and technetium Tc 99m methylene diphosphonate ("Tc 
MDP) scintigraphy in detecting and monitoring the resolution of infection. For 22 active infections, the sensitivities for "In WBC, Ga, 
and ?"Tc MDP scintigraphy were 94%, 56%, and 86%, respectively, and the specificities for ''In WBC, Ga, and "Tc MDP 
scintigraphy were 100%, 43%, and 0%, respectively. For 8 successfully treated infections, all seven '''In WBC studies became negative 
after therapy, in as short an interval as 1 month. In contrast, all seven ?"Tc MDP images remained positive for as long as 6 months after 
therapy. The seven *'Ga studies had variable results, with four (57%) remaining positive, including two (28%) positive at 6 months after 
therapy. These results suggest that "In WBC scintigraphy should be the initial radionuclide imaging tool in detecting active head and 
neck infections because of its greater accuracy, and its ability to revert to normal much sooner than *'Ga or "Tc MDP scintigraphs when 


applied to a subset of patients with resolved infections. 


KEY WORDS — indium, osteomyelitis, otitis, radioisotopes, radionuclide studies. 


INTRODUCTION 


Radionuclide scintigraphy is valuable in the diag- 
nostic evaluation of head and neck infections. 
Technetium Tc 99m methylene diphosphonate (??mTc 
MDP) and gallium 67 citrate ($7Ga) are the radiotrac- 
ers most often used. Both agents accumulate in nor- 
mal bone, in sites of osteomyelitis, and in a variety of 
noninfectious osseous processes including fractures 
and neoplasms.1-5 The ??mTc MDP and 9?Ga isotopes 
also localize in pathologic soft tissue sites. 


Unbound indium 111 (!!!In) chloride preferen- 
tially binds to transferrin, and only a small fraction 
binds to circulating cellular elements. To optimize 
detection of infection, !!!In is bound to a patient's 
leukocytes obtained from autologous donor blood. 
The !!!Tn-labeled white blood cells (!!!In WBCs) 
accumulate in sites of acute and chronic infection, in 
sites of nonspecific inflammation, and rarely in neo- 
plasms such as lymphoma.?7 For detecting acute 
infections, !!!In WBC scintigraphy has a reported 
sensitivity of 80% to 95%, and a specificity of greater 
than 9596, making it more accurate than other iso- 
topes in diagnosing infection.^*-1! 


The high specificity and sensitivity of !!!In WBC 
imaging should make it effective for monitoring 
response to antibiotic therapy. Scintigraphy with 
67Ga has been shown in the literature to better reflect 
clinical resolution than ??mTc MDP imaging in pa- 
tients undergoing successful antibiotic therapy for 


malignant external otitis,!^!? osteomyelitis of the 
base of skull,!4 and other clinical syndromes,” and 
is suggested to be useful in the evaluation of anti- 
infective therapy. !5 Several clinical reports have found 
1111) WBC imaging also to be accurate in demon- 
strating infection resolution.!Ó There is just one re- 
port on a head and neck infection, a case of malignant 
external otitis, in which !!!In WBC imaging results 
became normal after anti-infective therapy.!’ 


There is a scarcity of published data regarding the 
clinical utility of !!4In WBC scintigraphy in diagnos- 
ing head and neck infections.?? The purpose of this 
retrospective study is to compare the efficacy of !!!In 
WBC to 87Ga and??mTc MDP scintigraphy in detect- 
ing infections and in monitoring the clinical response 
of anti-infective therapy. 


MATERIALS AND METHODS 
SCINTIGRAPHIC TECHNIQUE 


Technetium Tc 99m Methylene Diphosphonate 
Bone Scanning. A dose averaging 20 mCi (740 MBq) 
of 9m Tc MDP is injected. Three hours later, moving 
cameraimaging of the whole body or bone scintiphotos 
(using on each view the time required to obtain 
700,000 counts over the anterior chest) is performed 
with a general all-purpose collimator. Single photon 
emission computed tomography (SPECT) images of 
the head are obtained with a 20% window centered at 
140 keV on a general all-purpose collimator for 


From the Departments of Otolaryngology-Head and Neck Surgery (Epstein, Lizak, Grobman, Goodwin) and Nuclear Medicine (Ganz, Dewanjee), 
University of Miami and Jackson Memorial Hospital, Miami, Florida. 
REPRINTS — Jeffrey S. Epstein, MD, Dept of Otolaryngology (D-48), PO Box 016960, Miami, FL 33101. 
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TABLE 1. SENSITIVITY OF THREE RADIOISOTOPES IN DETECTION OF ACUTE INFECTIONS 
In WBCs 





976Ga 99mTc MDP 


Disease Pos Neg Sens (96) Pos Neg Sens (96) Pos Neg Sens (96) 
Sinusitis 4 l 80 l 2 33 3 0 100 


Otologic 3 0 100 
Osteo of BOS l 0 100 
Mastoiditis 2 0 100 

Dental 5 0 100 

Neck abscess l 0 100 

Adenopathy 2 0 100 

Osteo of maxilla l 0 100 

Total 16 l 94 


DO = - O m= 


l 83 6 0 100 
0 100 5 0 100 
l 0 l 0 100 
2 33 2 0 100 
l 0 0 0 0 
l 50 0 2 0 
0 100 l 0 100 
7 56 12 2 86 


WBCs — white blood cells, MDP — methylene diphosphonate, Pos — positive, Neg — negative, Sens — sensitivity, Osteo — osteomyelitis, 


BOS — base of skull. 


superior topographic resolution in cases of otologic 
infections. The SPECT images are acquired by using 
64 steps over 360° at 40 seconds per view. The 
SPECT study is reconstructed with a 0.5 cycles per 
pixel frequency and an order of five Butterworth 
filter on a 64 x 64 x 16 pixel unit matrix after 
attenuation correction using the Chang method.!8 


Gallium 67 Citrate Scanning. A mean dose of 5 
mCi of ®’Ga is injected. By using a general all- 
purpose collimator, moving table imaging of the 
whole body or region of interest scintiphotos (using 
in each view the time required to obtain 400,000 
counts over the anterior chest) is performed with two 
or three photopeaks with a 20% window 3 to 5 days 
after injection. When an earlier diagnosis is required, 
3- to 6-hour postinjection images are obtained. When 
indicated, SPECT images are obtained (by using the 





Fig 1. Image of 16-year-old girl with Crohn’s granuloma- 
tous colitis. In workup for chronic headaches, hypogastric 
pain, and fever, total body "In WBC scintigraphy dis- 
played increased uptake in frontal sinus region. Paranasal 
sinus computed tomogram was consistent with frontal 
sinusitis. Pictured is right lateral view of head with in- 
creased '''In WBC uptake in frontal sinus (arrow). 


Same protocol as the bone SPECT). 


Indium 111 White Blood Cell Scanning. The prepa- 
ration technique of the labeled leukocyte suspension 
has previously been validated$; under sterile condi- 
tions, 100 mL of venous blood is collected, anti- 
coagulated, and allowed to sediment by using 
Hetastarch. After removal of plasma, the resultant 
supernatant containing cellular elements is sequen- 
tially centrifuged at 600 and 800 rpm to remove red 
blood cells and platelets, respectively. The WBC 
button is incubated with 250 to 500 uCi of indium- 
oxine for 30 minutes to obtain a labeling efficiency 
greater than 90%. Five milliliters of plasma are added 
to the !!!In WBCs, then 200 to 500 mCi of viable 
!IIn WBCs are reinjected into the patient's venous 
blood within 4 hours. Planar 15-minute images are 
obtained 4 and 24 hours later. 


SCAN INTERPRETATION 


Interpretation of the scans was performed by three 
readers. The initial reading was nonblinded because 
of the need for accurate clinical diagnosis. Subse- 
quent readings were blinded. Readers used strict cri- 
teria for a positive scan as demonstrating greater ac- 
tivity than a contralateral site or adjacent bone, with 
computer quantitation as needed to eliminate inter- 
preter bias on equivocal cases. Transaxial two-pixel 
computer quantitation was obtained from profiles on 
the coronal image showing the most abnormal radio- 
tracer uptake. When the symptomatic to asymptomatic 
side demonstrated more than a20% increase in counts, 
this was used to confirm abnormal radioactive up- 
take. Readers used early (3- to 6-hour) Ga and !!!In 
WBC images to confirm findings on delayed images 
and to detect infections earlier. 


PATIENT ANALYSIS 


A retrospective review was conducted of 17 pa- 
tients with a variety of head and neck infections. 
Subjects came from one of three University of Miami 
affiliated hospitals. The 9 female and 8 male patients 
ranged in age from 16to 75 years old. Fifteen patients 
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Fig 2. Images of 26-year-old man, human immunodeficiency virus-positive, insulin-dependent diabetic, who presented with 
otalgia of right ear and bilateral tender jugulodigastric adenopathy. A) Scintigraphy with !!!In WBCs, in posterior view, 
reveals increased uptake in region of right temporal bone and mastoid (solid arrow) and intense activity of bilateral 
jugulodigastric nodes in neck (open arrows). B) Scintigraphy with “Ga, in posterior and lateral views, reveals symmetric 
uptake in bilateral mastoid regions, negative for focal process. C) Bone scintigraphy with "Tc MDP, in anterior view, reveals 
mildly elevated activity in right temporal bone region (arrow). D) Axial computed tomogram reveals well-aerated left 
epitympanum and mastoid bone, and opacified right epitympanum and mastoid air cells (arrow). Conclusion is that in this 
case, scintigraphy with '!'In WBCs and ?"Tc MDP was superior to that with "Ga for diagnosis of mastoiditis. For diagnosis 


of cervical adenopathy, !!'In WBC scintigraphy was superior. 


presented to the nuclear medicine department with a 
diagnosis of a specific head and neck infection, and 
2 patients presented with an unknown site of infec- 
tion. Five patients had more than 1 infection, for a 
total of 22 infections. The majority of patients had 
two or more radionuclide imaging studies, with the 
scintigraphic protocol individualized for each pa- 
tient. A total of 13 !!! [In WBC scans, 10 97Ga scans, 
and 11 ??mTc MDP scans were obtained. All but 4 
subjects had at least one correlative computed 
tomography (CT) or magnetic resonance imaging 
(MRI) scan. All areas of positive uptake were veri- 
fied by clinical follow-up and/or by pathologic speci- 
mens. 


Also included in this study were 8 patients with 


successfully treated head and neck infections, 4 of 
whom were included in the first group of 17 subjects 
with active infections. Radionuclide scintigraphs were 
obtained at various intervals following the comple- 
tion of anti-infective therapy. The interval between 
the clinical resolution of disease (considered to occur 
when antibiotic therapy was discontinued) and the 
performance of the scintigraph determined the dura- 
tion of disease-free time before specific results ap- 
peared as normal. 


Four !!!In WBC scintigraphs performed on pa- 
tients with infections at non—head and neck sites were 
also included, serving as noninfections for specific- 
ity calculations. Because an excess of radionuclide is 
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TABLE 2. RESOLVED INFECTION BY DIAGNOSIS AND RESULTS OF NUCLEAR SCINTIGRAPHY 





In WBCs Ga 99»Tc MDP 
Disease No. Pos Neg Pos Neg Pos Neg 
Total 8 0 6 4 3 7 0 
Mastoiditis 2 0 2 I 0 2 0 
MEO 1 0 1 1 0 1 0 
Osteo of BOS 4 0 2 I 3 4 0 
Dental 1 0 1 1 0 


Number refers to number of infections; not all patients were imaged with all three radioisotopes. 
MEO — malignant external otitis; for other abbreviations, see Table 1. 


administered, uptake in the head and neck was felt not 
to be affected by uptake at a distant site. 


STATISTICAL ANALYSIS 


Separate analysis was carried out for both active 
and resolved infections. For active infections, the 
sensitivity of a scan was defined as the number of 
true-positive studies divided by the total number with 
documented infection. Specificity was defined as the 
number of true-negative studies divided by the total 
number without infection (resolved infections and, 
for !!ITn WBC, we used the four patients with non- 
head and neck infections). Cochran Q test with y2 
analysis was performed on the subset of patients on 
whom the three different types of nuclear scans were 
obtained (k = 3, f = 2). 


RESULTS 


Among the 22 active head and neck infections, the 
two most common sites were the paranasal sinuses 
(6) and the mastoid or base of skull (7). Six of the 
infections were osteomyelitis: 5 of the mastoid or 
base of skull, and 1 of the maxilla. Two patients had 
reactive cervical lymphadenopathy, five had dental 
infections, and one had a neck abscess. 


The radionuclide scintigraphs obtained on the 22 
infections included !!!In WBCs (N = 17), 87Ga 
(N = 16), and ?9?mTc MDP (N = 14; Table 1). The 
sensitivity of !!!In WBC, ®’Ga, and ??mTc MDP 
scintigraphy was 94%, 56%, and 86%, respectively. 
Cochran Q test statistical analysis was limited to 
seven patients scanned with all three isotopes and did 
not show statistical difference (p > .05). 


Figures 1 and 2 illustrate the images obtained by 
radionuclide scintigraphs and conventional radio- 
graphs in two head and neck infections, demonstrat- 
ing the superior sensitivity of !!!In WBC. 


Theradionuclide scintigraphs obtained on theeight 
patients with successfully treated infections included 
I!iIy WBCs (N = 6), $'Ga (N = 7), and 9» Tc MDP 


. (N z 7). The results of images by diagnosis are 


summarized in Table 2. Seven of the eight infections 
were otologic in origin: four were osteomyelitis of 
the base of skull, two were otomastoiditis, and one 
was malignant external otitis. There was one odon- 
togenic periapical abscess. Osteomyelitis of the skull 
base was a complication of malignant external otitis 
in all four cases. Both cases of mastoiditis were 
complicated by intracranial extension of infection. 
All seven patients with otologic disease were aggres- 
sively treated with intravenous antibiotics, and fol- 
low-up radionuclide scintigraphs were obtained at 
various intervals following therapy. The odontogenic 
infection was treated with surgery and antibiotics. 


The results of radionuclide scintigraphy by the 
duration of time from infection resolution are sum- 
marized in Table 3. In two cases, imaging was per- 
formed within 1 month of the resolution, in three 
cases the interval was from 2 to 5 months, and in the 
remaining three, there was a 6-month or greater 
interval. For the eight successfully treated infections, 
all six !!!In WBC studies became negative after 
therapy, in as short an interval as 1 month. In contrast, 
all seven ?9?nTc MDP images remained positive, for 
as long as 6 months after therapy. The seven 87Ga 
studies had variable results, with four (57%) remain- 


TABLE 3. RESOLVED INFECTION BY INTERVAL BETWEEN RESOLUTION AND RESULTS OF NUCLEAR 


SCINTIGRAPHY 
In WBCs "Ga 99"Tc MDP 
Interval (mo) No. Pos Neg Pos Neg Pos Neg 
| 2 0 2 2 0 2 0 
2-3 2 0 Í 0 1 1 0 
4-5 1 0 i l 0 
6 3 0 3 2 1 3 0 


Number refers to number of infections; not all patients were imaged with all three radioisotopes. 


For abbreviations, see Table 1. 
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Fig 3. Images of 62-year-old woman, insulin-dependent diabetic, treated with intravenous antibiotics for malignant external otitis 
in right ear. Nuclear scanning was performed 4 weeks after therapy. A) WBC scintigraphy with '''In WBCs, in posterior view for 
best visualization of temporal bones and base of skull, reveals symmetric uptake in bilateral mastoids (arrows) consistent with 
resolved infection. B) Single photon emission computed tomography (SPECT) scintigraphy with *'Ga provides improved 
topographic resolution. This axial cut reveals moderately increased right mastoid activity (arrow) consistent with persisent 
disease. C) SPECT scintigraphy with "Tc MDP shows strong signal in right mastoid region (arrow) on axial view consistent with 
positive scan. D) Coronal computed tomogram, performed after 2 weeks of therapy, reveals opacified right mastoid and no bone 
destruction (arrow), consistent with resolving mastoiditis. In summary, at 1 month after clinically successful therapy, only '''In 


WBC scintigraph has reverted to normal. 


ing positive, including two (28%) positive at 6 months 
after therapy. Figures 3 and 4 illustrate the images 
obtained with radionuclide scintigraphs and conven- 
tional radiographs in two resolved infections. The 
SPECT imaging with 97/Ga and 99™Tc MDP radioiso- 
topes was superior in site localization. High-resolu- 
tion CT or MRI provided assistance in localization of 
infection. 


The specificity for !!! In WBC imaging was 100%, 
calculated from the four non-head and neck infec- 
tions and the six resolved infections. The specificity 
for 97Ga and ??mTc MDP imaging, calculated from 


the seven resolved infections, was 43% and 0%, 
respectively. 


DISCUSSION 


The results of !! In WBC scintigraphy were better 
than those of "Ga and 9 mTc MDP scintigraphy in the 
diagnosis of 22 various head and neck infections. The 
94% sensitivity and 100% specificity of !!! In WBC 
imaging are consistent with previous reports.*?.11.1? 
The low (56%) sensitivity of ©’Ga scintigraphy is due 
to false negatives with sinus, dental, and neck dis- 
ease. The high false-negative rate for ©’Ga imaging in 
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Fig 4. Images of 75-year-old man, insulin-dependent diabetic, who developed osteomyelitis of base of skull as complication of 
malignant external otitis in right ear. Computed tomography scan at presentation and serial Ga scinti graphs provide visualization 
of response to successful antibiotic and hyperbaric oxygen therapy. A) Axial computed tomogram reveals sclerotic right mastoid 
and ill-defined bone posterior to external auditory canal consistent with osteomyelitis. B) SPECT imaging with ©’Ga performed 
at presentation. Quantitative uptake reveals asymmetric right mastoid activity (arrow). C) SPECT quantitative imaging with "Ga 
after 5 months of therapy reveals resolution of disease. D) SPECT quantitative image with ?"Tc MDP is still positive (arrow) after 
5 months of therapy. In summary, Ga image became negative 3 to 5 months after disease resolution, while at 5 months there was 


residual ?"Tc MDP activity. 


sinusitis is consistent with a previous planar imaging 
study involving Asian patients in which 87Ga uptake 
was greater in cases of carcinoma than in chronic 
sinusitis.?? Fineman et al!! report radionuclide imag- 
ing with !!!In WBC to be superior to imaging with 
67Ga in sinusitis in patients both with and without 
acquired immunodeficiency syndrome. The low ac- 
tive bone marrow content of the paranasal sinuses 
and mastoid region, associated with improved !!!In 
WBC imaging, is a reasonable explanation for its 
imaging superiority to 97Ga in these regions.?! In 


addition, normal nasopharyngeal 97Ga uptake may 
obscure detection of pathologic paranasal 97Ga accu- 
mulation. The high sensitivity and low specificity of 
?mTc MDP in infections are similar to those in 
previous studies.?:^8 


Scintigraphy with !!!In WBCs can be effectively 
performed on patients with alterations in the hemato- 
poietic system. In two other clinical series, !!!In 
WBC imaging has shown good results inimmunosup- 
pressed transplant patients and patients seropositive 
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for human immunodeficiency virus.”""! In our series, 
both the one patient with acquired immunodefi- 
ciency syndrome and the one on immunosuppression 
to prevent donor transplant kidney rejection had good 
results with !!1In WBC imaging. There is a paucity of 
objective data in the literature as to the effect of 
steroids on !!!In WBC scintigraphy, presumably 
secondary to inhibition of leukocyte chemotaxis.? 
The effect of antibiotics on scintigraph sensitivity is 
probably inconsequential.?22 Leukopenia is not a 
contraindication for !!!In WBC scintigraphy, as com- 
patible donor WBCs can be used.® 


Radionuclide scintigraphy is effective in detecting 
osteomyelitis of the base of the skull and its precursor 
disease, malignant external otitis.!!*!4 In the detec- 
tion of chronic osteomyelitis, some studies in the 
literature have found !!!In WBC scintigraphy very 
effective, with a greater than 85% sensitivity.16.1? 
However, other investigators have demonstrated a 
lower sensitivity of !!!In WBC for detecting chronic 
osteomyelitis.^95 The ©’Ga and 99°™Tc MDP isotopes, 
because they accumulate at sites of bone remodeling 
regardless of cause, have alow specificity for chronic 
osteomyelitis, especially in sites of previous surgical 
intervention. This is a situation not uncommon in 
patients with otologic, paranasal sinus, and other 
head and neck infections. While the interpretation of 
67Ga imaging studies can be aided by the comparison 
of simultaneous ??mTc MDP imaging studies, 97Ga 
scintigraphy has been found to be a reliable indicator 
of infection in only 25% to 33% of patients with 
existing bone disease.*2? In this study, !!!In WBC 
scintigraphs accurately diagnosed osteomyelitis of 
the skull base and malignant external otitis. 


Regarding the accuracy of !!!In WBC scintigraphic 
detection of chronic soft tissue infections, there is 
discrepancy in the literature. Some investigators have 
observed equal sensitivity for ! In WBC scintigraphy 
for both acute and chronic infections,!? while others 
have found that only in active infections character- 
ized by an acute inflammatory response is there a 
reliable accumulation of the isotope.*724 This dis- 
crepancy is possibly related to WBC preparation 
techniques, as suggested by Merkel et al.?5 Viable 
preparations of the !1!!In WBC isotope are important 
for good results. The only false-negative !!!In WBC 
study in our investigation was in a case of an infected 
fat-obliterated osteoplastic flap surgical site. This 
infection seems to have behaved like an abscess, with 
limited !!!In WBC infiltration. 


In successfully treated infections, !!!In WBC 
scintigraphs reverted to negative in the shortest dura- 
tion of time. The ©’Ga scintigraphs inconsistently 
reverted to normal in approximately 3 to 6 months. 


The 99mTc MDP, by accumulating in healing bone 
sites, produced positive images for as long as 6 
months after therapy. While based on a small number 
of patients, the time duration for scintigraph conver- 
sion to negative was as short as 1 month for !!!In 
WBC, 2 to 3 months for 9/Ga, and greater than 6 
months for ?9mTc MDP imaging. 


The advantage of radionuclide scintigraphy over 
conventional radiographic imaging techniques is the 
ability to detect functional and physiologic alter- 
ations that occur before structural changes are visual- 
ized by CT scans and plain x-ray studies.25.15 For 
skull base imaging, nuclear magnetic resonance im- 
aging is inferior, since the only marrow-containing 
bone, necessary for imaging, is the clivus. 


Because of low radioactivity, the !!!In WBC iso- 
tope has limited usein conventional SPECT imaging, 
such as in the detection of brain abscesses. Both 
67Ga and ??mTc MDP provide better SPECT infor- 
mation density. The triple-headed SPECT instru- 
ments, newly available at our institution, provide 
improved SPECT !!!In WBC images and reduce 
imaging time. À new radiotracer under investigation 
at our institution is $99mTc WBCs. Several reports 
have found this isotope to be a rapid and reliable 
detector of abdominal infectious processes.” In ad- 
dition, the high photon flux of the ??mTc WBC 
isotope permits improved WBC SPECT imaging. 
We are presently obtaining SPECT images with 
99mTc WBCs that we think are preferable to low- 
count !!!In WBC SPECT studies. We are not aware 
of any reports to date on the use of 9™Tc WBC 
scintigraphy in the imaging of head and neck infec- 
tions. 


CONCLUSION 


We propose an algorithm for the sequential imag- 
ing of head and neck infections using the different 
mechanisms of isotope uptake. First performed is 
planar and, if possible, SPECT ??nTc MDP scinti- 
graphy, a nonspecific but sensitive and inexpensive 
screen for infection. A negative 99™Tc MDP image is 
followed by a repeat study after several weeks of 
observation. A positive??mTc MDP study is followed 
by !!!In WBC scintigraphy, a specific and sensitive 
study for both acute and chronic infections. If avail- 
able, triple-headed detector SPECT !!!In WBC im- 
aging can provide improved tomographic resolution; 
SPECT imaging with 99™Tc WBC or §’Ga isotopes is 
an alternative. Because labeled WBC scintigraphs 
may miss infections if the isotope is not viable or if 
leukotaxis is limited, $'Ga imaging may have a role 
in chronic infections. Scintigraphy with ©’Ga should 
not be performed within 1 week prior to !!!In WBC 
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imaging because of the long half-life of $/Ga, which 
caninterfere with subsequent !!!In WBC scintiphotos; 
at 1 week, 23% of the ®’Ga citrate isotope has not 
decayed.2* Radioimaging with Gacan be performed 
immediately following imaging with !!!In WBCs 
because of the low injected dose of !!!In WBC 
isotope and the higher photopeaks used with 97Ga.23 
Because of the need to evaluate the role of SPECT 
mT c-labeled WBCs, further studies are ongoing. 





Because of the 6-hour half-life of ™Tc and the 
higher photopeaks of ©’Ga,28 we are evaluating the 
use of SPECT ”™Tc-labeled WBCs prior to using 
SPECT 87Ga. 

For monitoring the response to anti-infective 
therapy, our results suggest that radioimaging with 
iH[n WBCS is better than that with 97Ga or ?™Tc 
MDP. A negative !!!In WBC study provides a high 
level of confidence that the infection has resolved. 
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COMBINED EFFECTS OF NOISE AND CISPLATIN: 
SHORT- AND LONG-TERM FOLLOW-UP 


GORAN F. E. LAURELL, MD 
STOCKHOLM, SWEDEN 


The combined effects of noise exposure and intravenous cisplatin injection on electrophysiologic hearing thresholds in guinea pigs 
were studied with short-term and long-term follow-up. The combined effects on the permanent threshold shift were dependent on the 
order of exposure. À potentiation was achieved when noise exposure preceded cisplatin injection by 30 minutes or by 3 days. Cisplatin 
injection 2 or 3 days before noise exposure produced no significant potentiation or inhibition. The combined effects on the temporary 


threshold shift were not influenced by the sequence of exposure. 


KEY WORDS — permanent threshold shift, potentiation, temporary threshold shift. 


INTRODUCTION 


The chemotherapeutic drug cisplatin has been test- 
ed against a number of solid tumors, but it has been 
most useful in the treatment of testicular cancer.! The 
ototoxicity of cisplatin is one side effect that is rarely 
seen with other anticancer drugs. Two ototoxic symp- 
toms may occur after cisplatin treatment: tinnitus and 
hearing loss. 


The risk of ototoxic side effects in patients under- 
going cisplatin therapy is influenced by several de- 
fined and unknown factors. The best-studied vari- 
ables that contribute to hearing loss are the amount of 
the single dose? and the cumulative dose.?- There 
is aconsiderable variationin susceptibility to cisplatin- 
induced hearing loss that can be only partially ex- 
plained by the peak plasma concentration after drug 
administration.? The relationship between pretreat- 
ment hearing loss and cisplatin-induced ototoxic 
symptoms is controversial, since contradictory re- 
sults have emerged. A finding of clinical importance 
is that a prior sensorineural hearing loss does not 
increase therisk of further impairment during cisplatin 
therapy.*’ Sensorineural hearing loss is composed of 
several pathologic entities with different etiologic 
factors, eg, aging, noise, and genetic predisposition. 
Noise damage is of particular significance, since 
noise is the only factor that can be readily influenced. 
Studies on the combined effects of noise and cisplatin 
thus have an experimental interest. 


An ototraumatic interaction between cisplatin and 
noise,9? as well as a pharmacodynamic interaction 
between cisplatin and other ototoxic drugs like loop 
diuretics!0-13 and aminoglycoside antibiotics,!4 has 
beenreported. The mechanism of interaction is likely 
to be dependent on the respective structural and 


functional injuries in the cochlea. The combined 
impact of noise exposure and cisplatin administration 
might in certain situations even be seen as a potentia- 
tion (excessiveresponseto the two factors, producing 
more than an additive effect). 


There is a clear difference between the cytotoxic 
action of cisplatin on cochlear structures on the one 
hand and that on vestibular structures on the other 
hand, since no vestibular neuroepithelial damage has 
been found.15:16 It has been demonstrated in several 
animal studies that administration of cisplatin re- 
sults in damage to the outer hair cells (OHCs) of the 
organ of Corti; this is most pronounced in the basal 
turn.!7-!9 The damage to the OHCs in both the basal 
and the second turns is dependent on the dose given.16 
The morphologic site of noise-induced injury in the 
cochlea depends on the frequency characteristics of 
the noise, the sound level, and the time of exposure. 
Both inner hair cells (IHCs) and OHCs are suscep- 
tible to noise.207! A complex pattern of ototraumatic 
interaction between cisplatin and noise may therefore 
be expected. 


The aim of the present study was to examine the 
combined effects of broadband noise exposure and a 
single intravenous (IV) injection of cisplatin on 
electrophysiologic hearing thresholds in guinea pigs. 
The specific questions investigated were as follows. 


1. Is there a potentiation between noise exposure 
and cisplatin administration? 


2. Are the sequence and the time interval of expo- 
sure of importance for the combined effects? 


3. Dothecombinedeffects yield different results for 
temporary threshold shift (TTS) and permanent 
threshold shift (PTS)? 
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Fig 1. Schedule of cisplatin administration, noise 
exposure, and auditory brain stem response deter- 
p mination for seven groups of guinea pigs. 
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MATERIAL AND METHODS 1.5 to 5 kHz, of 137 dB sound pressure level (SPL). 


The experiments were performed on 79 pigmented 
guinea pigs of both sexes (230 to 540 g). No sign of 
external ear or middle ear infection was found before 
the treatment. All animals had electrophysiologic 
hearing thresholds in the normal range prior to noise 
exposure and cisplatin injection. The animals were 
divided into seven groups to study the influence of 
different intervals and temporal orders for the com- 
bined effects of cisplatin administration and noise 
exposure. Figure 1 shows the treatment schedule for 
the different groups. 


NOISE EXPOSURE 


The animals were anesthetized and placed on a 
heated table to prevent body shivering that could 
disturb the noise exposure. All animals were unilat- 
erally exposed for 30 minutes to a broadband noise, 


Noise was generated by a 1381 random noise genera- 
tor (General Radio Company) in conjunction with a 
filter and an amplifier and delivered in a closed 
system with a hearing aid telephone (Oticon Power) 
as the driving source. The earphone was attached to 
the ear by a plastic tube inserted in the ear canal. The 
spectrum of the stimuli and the SPL were monitored 
before and after sound overstimulation by a 3528 A 
spectrum analyzer (Hewlett Packard) and a 2610 
measuring amplifier in the linear setting (Brüel & 
Kjaer), respectively. The measurements were made 
by connecting the noise-producing earphone to a 1/4- 
in Brüel & Kjaer microphone in a plastic chamber at 
a distance of 15 mm. 


CISPLATIN ADMINISTRATION 


The anesthetized animal was placed on its back 
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Cisplatin 7 mg/kg, 2 days (N=16) 
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Fig 2. Effect of single intravenous injection of cisplatin at 
7 mg/kg body weight. Shows mean auditory brain stem 


response (ABR) threshold loss 2 days and 19 to 26 days 
after injection. 


and the external jugular vein was exposed. Cisplatin 
was injected as a bolus into this vein at a concentra- 
tion of 0.5 mg/mL in an isotonic solution. 


BRAIN STEM AUDIOMETRY 


Thresholds of the auditory brain stem response 
(ABR) were obtained from anesthetized animals. 
The thresholds were established separately for both 
ears in all animals. The stimuli were single full-cycle 
sine waves, filtered with a !/3 band-pass filter (Brüel 
& Kjaer, type 1617) centered at the frequency of the 
sine wave.?? The stimuli were presented at a rate of 
20/s from a TDH 39 earphone connected to the ear 
with a 10-cm tube (outside diameter 8 mm) coated 
with acoustic absorbant material to prevent reso- 
nance. The electrical signals were picked up by 
subcutaneous needle electrodes between the vertex 
and the ipsilateral retroauricular region, with a refer- 
ence electrode placed on the back. The electrical 
activity was amplified 10* times, band-pass-filtered 
between 50 and 4,700 Hz, and fed into a Datalab 4000 
signal averager. The ABR was based on the average 
of 2,000 epochs. The thresholds were determined for 
five frequencies: 1.6, 3.15, 6.3, 12.5, and 20 kHz. 
The thresholds of the ears of 11 healthy guinea pigs 
served as normal material and were used as a refer- 
ence for calculations of the hearing loss. In cases in 
which the ABR threshold could not be reached, the 
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Fig 3. Effect of broadband noise exposure for 30 minutes. 


Shows mean ABR threshold loss 3 and 20 to 26 days after 
exposure. 


hearing threshold was set to approximately 5 dB over 
the limit of the equipment (roughly 75 dB above the 
normal guinea pig ABR threshold). 


FIRST SERIES 


In the first series we studied cisplatin injection 
before noise exposure. 


Long-term Follow-up. "Group C2dNL” (cisplatin 
injection — 2-day interval — noise exposure — 
long-term follow-up) consisted of 18 guinea pigs, 9 
surviving. Each animal was given an IV cisplatin 
injection of 7 mg/kg body weight. Two days later 
they wereunilaterally exposed to noise, ie, 1 to 2 days 
before the ototoxic effect of cisplatin reaches a maxi- 
mum.2?^ This dose of cisplatin was chosen because 
itisbetween 5 mg/kg (noeffects on electrophysiologic 
hearing thresholds obtained with frequency-specific 
ABR)and8 mg/kg (substantial ABR threshold shift). 


' The ABR thresholds were determined 2 and 19 to 24 


days after cisplatin injection. The second threshold 
determination was used to study the effect on PTS. 


“Group C3dNL” (cisplatin injection — 3-day in- 
terval — noise exposure — long-term follow-up) 
consisted of seven guinea pigs, six surviving. The 
animals received an IV injection of 7 mg/kg body 
weight, and were unilaterally exposed to noise 3 days 
later. The ABR thresholds were determined 23 to 26 
days after cisplatin injection. 
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Fig 4. Mean loss of ABR thresholds in guinea pigs receiv- 
ing cisplatin injection before noise exposure. Reference 


audiograms for cisplatin-induced and noise-induced thresh- 
old shifts, respectively, are also included. 


Short-term Follow-up. "Group C2dNS” (cisplatin 
injection — 2-day interval — noise exposure — 
short-term follow-up) consisted of seven guinea pigs, 
Six surviving. This group was used to study the acute 
combined effects of a cisplatin injection and noise 
exposure without any long period of recovery before 
the final measurement. Each animal was given an IV 
dose of 8 mg/kg, which is close to the LD50 dose (9.7 
mg/kg by a single intraperitoneal injection, accord- 
ing to Fleischman et al!”), The right ear was exposed 
to noise 2 days later. The ABR thresholds were 
determined 5 days after cisplatin injection. 


SECOND SERIES 


The second series studied noise exposure before 
cisplatin injection. 

Long-term Follow-up. Group N30'CL (noise ex- 
posure — 30-minute interval — cisplatin injection 
— long-term follow-up) consisted of 18 guinea pigs, 
7 surviving. The reversed combined effects were 
studied at the time of greatest TTS after noise expo- 
sure. The animals were unilaterally exposed to noise 
and 30 minutes later were given an IV cisplatin 
injection of 7 mg/kg body weight. The ABR thresh- 
olds were determined 20 to 22 days after the noise 
exposure. 


Group N3dCL (noise exposure — 3-day interval 
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Fig 5. Mean loss of ABR thresholds in guinea pigs under- 

going noise exposure before cisplatin injection. Reference 


audiograms forcisplatin and noise-induced threshold shifts, 
respectively, are also included. 


— cisplatin injection — long-term follow-up) con- 
sisted of eight guinea pigs, six surviving. In this group 
the combined ototraumatic effects were studied with 
a longer interval between noise exposure and cisplatin 
injection. The animals were unilaterally exposed to 
noise. After 3 days, when the temporary component 
of the noise-induced threshold shift had recovered, 
they received an IV cisplatin injection of 7 mg/kg 
body weight. The ABR thresholds were determined 
3 and 23 to 28 days after noise exposure. 


Short-term Follow-up. Group N30'CS (noise ex- 
posure — 30-minuteinterval — cisplatininjection — 
short-term follow-up) consisted of seven guinea pigs, 
five surviving. As with group C2dNS, the combined 
effects with a short interval were studied in this 
group. The right ear of each animal was exposed to 
noise. Án IV cisplatin injection of 8 mg/kg body 
weight was given 30 minutes after noise exposure. 
The ABR thresholds were determined 5 days after 
noise exposure. 


THIRD SERIES 


This series was used as a control group to study the 
effect of noise alone on 14 guinea pigs. The animals 
were unilaterally exposed to noise. The ABR thresh- 
olds were determined immediately after noise expo- 
sure (2 guinea pigs, TTS), 3 days after (10 guinea 
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Fig6. Comparison oftemporary interaction effects. Shows 
mean ABR threshold loss for two groups receiving single 
intravenous injection of cisplatin at 8 mg/kg body weight 
in combination with noise exposure. 


pigs), and 20 to 26 days after (group N, 10 guinea 
pigs, PTS). 


RESULTS 
GENERAL FINDINGS 


In groups C2dNL, C3dNL, N30'CL, and N3dCL, 
administration of cisplatin at 7 mg/kg body weight to 
51 guinea pigs resulted in severe adverse effects. 
Twenty-three animals (4596) died 3 to 14 days (mean 
8 days) after the injection. Most of the remaining 28 
animals were in good condition after 3 weeks, but 4 
animals exhibited a 25% weight loss. The mean 
weight loss was 296. 


There was no correlation between weight loss and 
loss of auditory thresholds. A unilateral middle ear 
infection was found in three guinea pigs from groups 
C2dNL and N30'CL, as detected by otoscopy and 
confirmed at autopsy. The results of these ears were 
excluded. 


In groups C2dNS and N30'CS, 3 of the 14 animals 
receiving cisplatin at 8 mg/kg body weight died. Two 
of the surviving animals were in fairly poor condi- 
tion, as indicated by a 2596 weight loss 5 days after the 
injection, atthetime of ABR threshold measurement. 


AUDITORY FINDINGS 
Long-term Follow-up. Administration of an IV 


injection of cisplatin in a dose of 7 mg/kg resulted in 
aloss of ABR threshold sensitivity with considerable 
interindividual variability that could be followed up 
for a long period in the ear not exposed to noise. The 
ototoxic effect of cisplatin at 7 mg/kg body weight is 
shown in Fig 2. (The ABR audiogram corresponds to 
an ordinary clinical audiogram showing loss of ABR 
thresholds in relation to ABR thresholds of a control 
group.) The mean ABR thresholds 2 days (deter- 
mined for 16 guinea pigs from group C2dNL) and 19 
to 26 days (determined for 26 guinea pigs from 
groups C2dNL, C3dNL, N30'CL, and N3dCL) after 
the injection are compared. The ABR threshold shifts 
for 1.6, 3.15, 12.5, and 20 kHz were found to be 
statistically significantly larger (p « .05, one-way 
analysis of variance [ANOVA]) 2 days as compared 
to 19 to 26 days after the injection. This observation 
indicates the existence of a temporary effect. 


Exposure to broadband noise (1.5 to 5 KHz) of 137 
dB SPL for 30 minutes produced a considerable ABR 
threshold shift, albeit with great interindividual vari- 
ability. Figure 3 shows the mean audiograms imme- 
diately (determined for 2 guinea pigs from the third 
series) and at 3 days (determined for 10 guinea pigs 
from group N3dCL and from the third series) and 20 
to 26 days (group N) after noise exposure. The noise- 
induced ABR threshold shift was most pronounced 
for the frequencies 3.15, 6.3, and 12.5 kHz. The ABR 
thresholds remained almost the same from 3 days to 
about 3 weeks. 


The mean audiograms of the ears exposed to noise 
in groups C2dNL and C3dNL (cisplatin injection 
before noise exposure) are shown in Fig 4, and 
compared with the reference audiograms for the 
cisplatin-induced (from Fig 2) and noise-induced 
(group N, from Fig 3) threshold shifts, respectively. 
The threshold shifts for groups C2dNL and C3dNL 
were rather similar. There was no statistically signif- 
icant difference between the two groups (one-way 
ANOVA). When groups C2dNL and C3dNL were 
amalgamated into group CNL, no statistically sig- 
nificant difference in threshold shift was found be- 
tween group CNL and group N (one-way ANOVA). 


In groups N30'CL and N3dCL (noise exposure 
before cisplatin injection), all surviving animals (13 
altogether) had large shifts of ABR thresholds, with 
the exception of 1 animal in each group with minor 
changes for 1.6 and 20 kHz, but considerable changes 
for the middle frequencies. The mean audiograms for 
groups N30'CL and N3dNL are shown in Fig 5. Of 
the two groups, group N30'CL showed the largest 
shiftof ABR thresholds, but this was only statistically 
significant for 6.3 kHz (p « .05, one-way ANOVA). 
The threshold shift for group N30’CL was found to be 
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statistically significantly larger than that in group N 
(p < .05, one-way ANOVA) for all five frequencies. 


The largest threshold shift after combined expo- 
sure was achieved when the animals were exposed to 
noise 30 minutes before the cisplatin injection. The 
threshold shift for group N30'CL was found to be 
statistically significantly larger than that in group 
CNL (p «.05, one-way ANOV A) for all five frequen- 
cies. 


For groups N30'CL and N3dCL an additive effect 
could be seen for all five frequencies. There was a 
more than additive effect of ABR threshold change, 
ie, a potentiation, for group N30'CL for 1.6 kHz (p « 
.01, two-way ANOVA) and for group N3dCL for 1.6 
and 20 kHz (p « .05, two-way ANOVA). For group 
CNL a less than additive effect, statistically signif- 
icant for 3.15 kHz (p « .05, two-way ANOVA), was 
noted. 


Short-term Follow-up.In the animals that received 
an IV injection of cisplatin at 8 mg/kg body weight, 
considerable interindividual variability of the ABR 
thresholds in the ear not exposed to noise was found 
after 5 days. In the ears exposed to noise a smaller 
variability in both groups could be detected. The 
mean audiogram of the ears exposed to noise for each 
group, together with the mean audiogram of those not 
so treated, is shown in Fig 6. In comparison to Fig 2 
it can be seen that the mean ABR thresholds 5 days 
after an injection of 8 mg/kg cisplatin are in the same 
range as the ABR thresholds 2 days after the 7-mg/kg 
injection. A severe shift of ABR thresholds in the 
ears exposed to noise was found for both groupsin the 
short-term follow-up study. There was no statisti- 
cally significant difference in threshold shift between 
the two groups (one-way ANOVA). The combined 
effects are recorded as greatest for 1.6 kHz, ie, for the 
frequency at which noise exposure affected the ABR 
threshold sensitivity least. 


DISCUSSION 
NOISE-CISPLATIN INTERACTION 


The major finding in the present study was the 
importance of the temporal order of exposure for the 
combined effects of noise and cisplatin on the 
electrophysiologic hearing thresholds in the guinea 
pigs. The greatest response was achieved when the 
noise exposure preceded the cisplatin administration. 
No significant potentiation or inhibition was seen 
when the cisplatin injection was given 2 or 3 days 
before the noise exposure. The observation of the 
combined effects of noise and cisplatin is in accor- 
dance with an earlier report from Boettcher et al? 


GENERAL TOXICITY 
Safe therapy with cisplatin requires its delivery to 


the tumor mass in a concentration within so narrow a 
range as to be efficacious without unacceptable ad- 
verse effects, Thereis, however, aconsiderable varia- 
tion among individuals and experimental animals in 
the extent to which cisplatin can induce toxic effects. 
The dose used in the present long-term follow-up, 7 
mg/kg body weight by IV injection, caused consider- 
able mortality. It can be expected that the many 
animals that died were killed by a renal insufficiency 
induced by cisplatin. Inhibition of the urinary excre- 
tion of cisplatin and its breakdown products by renal 
impairment can cause excessive accumulation, since 
the urinary tract is the pathway of its elimination. 
About 3 weeks after the IV injection the mean audio- 
gram of the unexposed ears of the remaining animals 
indicated a recovery from thecisplatin-induced thresh- 
old shift. It has otherwise been shown that there is no 
direct correlation between cisplatin-induced hearing 
loss and mortality.17:24 


POTENTIATION 


The threshold shift caused by the broadband noise 
exposure was predominantly located in the middle 
frequencies. Nevertheless, the largest effect of the 
combined administration was seen for the lowest and 
the highest frequencies, indicating a spread of the 
combined damage in the cochlea. Studies on ionto- 
phoresis of cisplatin into the scala media have re- 
vealed a uniform susceptibility of the sensory struc- 
tures in different regions to the drug.!? In view of 
these results one may speculate that the spread of 
damage in the present study was due to an increased 
amount of cisplatin in the organ of Corti. Considering 
the high concentration of cisplatin in the stria vascu- 
laris following an IV injection of the drug,!^ a greater 
influx of cisplatin to the organ of Corti is to be 
expected if the permeability of the stria vascularis is 
increased by changes induced by noise.2 


It could be postulated that noise exposure before 
cisplatin injection resulted in a potentiation with a 
permanent impairment of the cochlea. The potentia- 
tion was estimated on the ABR threshold shift, and 
seen as an additive or more than additive summation 
of the effects of noise and cisplatin. 


In the animals exposed to cisplatin before noise, 
no significant potentiation occurred. A considerable 
amount of cisplatin ought, however, to remain in the 
animals at the time of noise exposure 2 and 3 days 
after the injection, since cisplatin is excreted slowly, 
at least in humans% and in rats.? 


A time-related susceptibility to cochlear damage 
from noise and cisplatin was evident. The sequence 
of exposure was of more significance than the inter- 
val between noise exposure and cisplatin injection 
for the combined effect. However, even the interval 
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was of importance. When the period between noise 
exposure and cisplatin injection was extended from 
30 minutes to 3 days, the combined effects caused a 
shift of ABR thresholds that was still large, although 
less pronounced. If the interval had been further 
prolonged, the interaction might have been still less. 
When cisplatin was given by multiple low-dose intra- 
peritoneal injections starting 7 to 10 days after noise 
exposure, no potentiation was observed.® 


For the groups receiving cisplatin injection before 
noise exposure, an interval of 2 or 3 days gave the 
same effect. A simultaneous exposure to noise and 
cisplatin might be the most hazardous combination. 


The combined effect of a broadband noise expo- 
sure before an IV injection of cisplatin was most 
obvious in the long-term follow-up, when an interval 
of about 3 weeks was used to let the damage stabilize 
(Fig 1). In the short-term follow-up the combined 
administration resulted in a severe threshold shift for 
both groups (noise exposure before cisplatin injec- 
tion, or vice versa) 5 days after the injection, indicat- 
ing that the combined effect on the TTS was less 
influenced by the sequence of exposure. The lack of 
difference between the two groups could also be the 
result of a higher dose of cisplatin given to the 
animals, 


Both noise and cisplatin can separately damage the 
OHCs, but by wholly different mechanisms. The 
synergistic effect of noise and cisplatin cannot be 
interpreted as a pharmacodynamic interaction. The 
mechanism of synergistic interaction must be due to 
a different process. In animals in which a potentiation 
was achieved, a synergistic effect could have oc- 
curred at the cellular level in the organ of Corti. 
Although the exact mechanism of the interaction 
cannot be established from the present study, it must 
be due to potentiation of cell injury by two different 
mechanisms. 


When comparing different studies on ototoxic 
drugs and noise it is important to consider the action 
of the drug on inner ear tissues, the mode of admin- 
istration, the amount of the dose, the characteristics 
of the noise exposure, and, according to the present 
findings, the sequence of exposure. A number of 
animal experiments have revealed that noise expo- 
sure alters the effect of aminoglycosides.282? Kana- 
mycin has been reported to produce a dose- and time- 
dependent response?? and to have maximum effects 
when administered concomitant with noise expo- 





sure?! 
HEARING LOSS PRIOR TO CISPLATIN TREATMENT 


To extrapolate findings from an animal experi- 
ment to a clinical situation is always hazardous. 
There is unlikely to be any risk of a potentiation in the 
auditory system for patients treated with cisplatin in 
a hospital and thereafter exposed to unwanted noise. 
On the other hand, patients extensively exposed to 
noise just before hospitalization and during cisplatin 
treatment may theoretically run an increased risk of 
developing hearing loss in connection with their 
therapy. 


In light of a previous experimental study in which 
a noise-induced hearing loss prior to cisplatin treat- 
ment was not found to increase the ototoxic effect of 
cisplatin,® the present result demonstrates the com- 
plexity of noise-drug interactions. The lack of poten- 
tiation in that study could be attributed to the fact that 
the noise exposure preceded the cisplatin treatment 
by 7 to 10 days, which allowed a major healing of the 
damage to the inner ear structures. Moreover, several 
clinical studies have failed to show that the ototoxic 
effect of cisplatin increases with a prior stable hear- 
ing loss.467.22 


Sensorineural hearing loss is caused by numerous 
factors, and there is no study available about cisplatin 
treatment of patients with prior hearing loss caused 
primarily by occupational noise. Potentiation be- 
tween noise and cisplatin treatment is unlikely to be 
an important factor in explaining individual suscep- 
tibility to cisplatin ototoxicity. Potentiation of noise 
and cisplatin must, however, be considered, and 
protection of the hearing function from excessive 
noise during chemotherapy with this drug is advis- 
able. 


CONCLUSIONS 


The results from the long-term follow-up show 
that the combined effects of noise exposure and 
cisplatin are dependent on both the timing of the 
exposure and the interval between the exposures. A 
potentiation of noise and cisplatin was achieved 
when cisplatin was given by a bolus injection of 7 mg/ 
kg body weight either 30 minutes or 3 days after 
broadband noise exposure. Since in the short-term 
study the combined effects were not influenced by 
the sequence of exposure, different effects on TTS 
and PTS are indicated. Therefore, it is important to 
protect the ear against noise during cisplatin therapy. 
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MAXILLARY SINUS ATELECTASIS 
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Two patients are presented with maxillary bone loss and atelectasis of the sinus walls in association with chronic subclinical 
maxillary sinusitis. Maxillary sinus atelectasis results in a mild cosmetic deformity, but may also cause diplopia by involving the orbital 
floor. Ostial obstruction and inf lammation-mediated osteopenia are postulated to be the responsible mechanisms. Surgical treatment of 


the sinusitis may prevent progression of the bone loss. 
KEY WORDS —- atelectasis, maxillary sinus, sinusitis. 


INTRODUCTION 


The sequelae and complications of sinusitis that 
have been reported are primarily suppurative.! 
Asymptomatic maxillary bone loss with atelectasis 
of the maxillary sinus is not widely recognized as a 
sequela of chronic maxillary sinusitis, even when 
there is associated osteomyelitis with demineraliza- 
tion.? The purpose of this paper is to describe two 
patients who presented with atelectasis of the maxil- 
lary sinus in association with only subclinical chron- 
ic sinusitis, and to offer insight into the possible 
causative mechanisms. 


CASE REPORTS 


Case 1. A 32-year-old man developed excruciat- 
ing pain in his right upper teeth during a pressurized 
commercial airplane flight. He was without further 
symptoms until a few days later. While he was 
watching television, the right side of his face felt 
unusual. On inspection, he felt that his right cheek 
was depressed. He did not have any facial pain, 
symptoms referable to the sinuses, or vision changes, 
such as diplopia. He did not seek medical evaluation 
until approximately 1 year later. Computed tomo- 
grams of the face revealed collapse of the anterior, 
posterior, and medial walls of the right maxillary 
sinus (Fig 1); hence, the patient was referred to the 
otolaryngology service. The dentition was healthy 
and the occlusion was subjectively unchanged. The 
facial and trigeminal nerves were symmetrically in- 
tact. No enophthalmos was apparent. The remainder 
of the head and neck examination yielded unremark- 
able findings. 


The medical history was significant for pulmonary 





tuberculosis that was treated for 1 full year, ending 
approximately 1 year prior to presentation to the 
otolaryngology service. Following the treatment for 
tuberculosis, the patient was treated for asthma with 
bronchodilators. He had no history of nasal polyps or 
chronic sinusitis, but did suffer one episode of bilat- 
eral acute sinusitis 2 years prior to presentation that 
was radiographically confirmed and responded well 
to oral antibiotics and nasal decongestants. 


Sinus endoscopy revealed lateral bowing of the 
right lateral nasal wall. Exploration of the right max- 
illary sinus through a Caldwell-Luc operation re- 
vealed noerosive lesions. The anterior maxillary wall 
bone was very thin and bowed posteriorly, but with- 
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Fig 1. (Case 1) Computed tomogram of paranasal sinuses. 
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out signs of necrosis. The antrum was collapsed and 
lined with pale, edematous mucosa. Histopathologic 
examination revealed normal-appearing bone in a 
fibrocellular stroma and chronic inflammation of the 
mucosa (Fig 2). Cultures of sinus bone and mucosa 
revealed normal oral flora and no bacterial or fungal 
pathogens. No additional treatment was prescribed. 
The patient has failed to keep follow-up appoint- 
ments, but his family reports that he is doing well, 
without additional symptoms or facial changes, 6 
months postoperatively. 


Case 2. A 65-year-old man presented to the 
otolaryngology service with a 2-month history of 
gradual left cheek depression and bilateral nasal 
obstruction since childhood, but no other symptoms 
referable to the nose or sinuses. His medical history 
was significant for routine dental extractions, pros- 
tate cancer that was treated by radical prostatectomy 
2 years prior to presentation, type II diabetes mellitus, 
remote alcohol abuse, and coronary artery disease. 


he SS e. 
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Fig 2. (Case 1) Photomicrographs. A) 
Right maxillary sinus bone appears nor- 
mal. B) Overlying mucosa is inflamed. 
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Lj » | 


Examination revealed an obvious depression of the 
left cheek, just below the infraorbital rim. Anterior 
rhinoscopy was limited by a bilateral septal devia- 
tion, more marked on the left. Flexible nasal endos- 
copy revealed fullness in the left middle meatus, but 
no erosive lesions or discrete tumors. A left anterior 
maxillary wall defect and atrophic lateral buttress 
were palpable transorally. The palate was intact and 
the left maxillary canine and premolar were secure. 
Facial and trigeminal nerve function was symmetri- 
cally intact. 


Sinus films taken 3 months prior to presentation 
were interpreted by a radiologist as normal, but 
revealed bone loss of the left lateral buttress. Sinus 
films taken on the initial otolaryngologic evaluation 
confirmed this finding. Axial computed tomograms 
with coronal reconstruction showed collapse of the 
anterior, posterior, and superior maxillary sinus walls; 
however, no tumor was identified in or around the 
sinus (Fig 3). A bone scan, done just prior to presen- 
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Fig 3. (Case 2) Computed tomogram of paranasal sinuses. 


tation in follow-up for the prostate cancer, was inter- 
preted as normal. 


A Caldwell-Luc operation was performed. The 
bone of the entire maxillary sinus was extremely thin 
and soft, but was without necrosis or erosions. The 
sinus mucosa was pale and no pus was seen. A polyp 
measuring 10x 8 x 5 mm was removed from the floor 
ofthesinus. Polypoid mucosa was also removed from 
the area surrounding the natural ostium. Microscopic 
examination revealed unremarkable bone (Fig 4A). 
There was chronic mucosal inflammation and marked 
stromal edema with plasma cell infiltrate in the polyp 
(Fig 4B). 


No additional treatment was prescribed and the 
patient is doing well 6 months postoperatively. 


DISCUSSION 


Occult maxillary bone loss is a potentially omi- 
nous radiographic finding, as the diagnosis is carci- 
noma until proven otherwise.? Maxillary bone loss 
may result from many disease processes. Unfortu- 
nately, the clinical history and objective findings do 
not always suggest the underlying cause for the bone 
loss. For instance, osteomyelitis, which results in 
focal bone loss, most often develops from an odon- 
togenic infection,?^ but may occur in the absence of 
oral disease or local trauma.?4 Rare disorders, such as 
massive osteolysis, or phantom bone syndrome, also 
result in asymptomatic maxillary bone loss.? These 
asymptomatic and unusual causes of maxillary bone 
loss generally require histologic examination to es- 
tablish a diagnosis.$ 


Sinusitis is one of the most common diseases that 


can cause maxillary bone loss in Western popula- 
tions. Acute sinusitis usually results in a lytic osteitis, 
whereas low-grade repeated infections are more com- 
monly associated with a blastic osteitis. Chronic 
osteolytic sinusitis resulting from inhaling cocaine 
has been reported.5 Maxillary mucoceles, which are 
thought to result from chronic or recurrent sinusitis, 
rarely result in bony erosion.? When the roof of the 
maxillary sinusis eroded by a mucocele, enophthalmos 
may develop.!9 


Chronic sinusitis as a cause of maxillary bone loss 
and collapse of the sinus walls has been reported 
previously. In 1981, Wilkins and Kulwin,!! ophthal- 
mologists, described five patients who developed 
spontaneous collapse of the orbital floor and enoph- 
thalmos in the presence of chronic or recurrent sinus- 
itis. All of these patients had a long history of maxil- 
lary sinusitis or allergic rhinitis. None were described 
as having sinus atelectasis. In 1986, Wesley et al? 
presented a similar case in the otolaryngologic litera- 
ture. In 1991, Isaacs et all? described two patients 
who developed enophthalmos and atelectasis of the 
maxillary sinus in association with chronic subclinical 
sinusitis. Both of the patients whom we have pre- 
sented developed maxillary sinus atelectasis, without 
clinical evidence of enophthalmos. In both of our pa- 
tients, the historical and histologic data suggested 
that the sole cause for the maxillary sinus atelectasis 
was mild chronic maxillary sinusitis. 


Obstruction of the sinus ostium may be the critical 
factor in the development of maxillary sinus atelec- 
tasis. Ostial obstruction is thought to be the principal 
factor in the initiation of both acute and chronic 
sinusitis.!^ The first patient's history of maxillary 
pain during an airplane flight shortly before he no- 
ticed the depression in his cheek was presumably a 
result of change in environmental pressure. This 
indicates that some degree or period of the sinus ostial 
obstruction was present prior to the “collapse” of the 
sinus. Local stress is known to influence the remod- 
eling of bone.!> Since bone mass is ultimately a 
reflection of the remodeling process, changes in the 
rate of remodeling can theoretically cause collapse of 
the sinus walls. In this regard, both patients with 
maxillary collapse had evidence for maxillary bone 
loss. 


Ostial obstruction with development of negative 
pressure may serve as an example of a bone resorp- 
tive agonist, as pressure changes have been shown to 
result in bone resorption in vitro.!6 It is well recog- 
nized that a pressure difference between the sinuses 
(or middle ear) and the environment causes pain. The 
absence of notable symptoms in both patients sug- 
gests that minimal or transient negative pressure was 
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necessary to develop sinus collapse. Hence, it is 
unlikely that a pressure differential was the only 
causative mechanism. 


Because inflammation is known to promote oste- 
openia,! chronic maxillary sinusitis may have 
prompted the bone loss. Cytokines produced by in- 
flammatory cells might mediate the bone loss in 
inflammation-mediated osteopenia by inhibiting os- 
teoblast cell replication and collagen synthesis!8.1? 
and/or stimulating bone resorption.” Osteoblasts, as 
well as immunocompetent cells, produce cytokines, 
and their production is modulated by other cyto- 
kines.?! Thus, the regulation of cytokine-mediated 
bone metabolism is a complex process, but one that 
is receiving increased attention. 


In both patients presented in this paper, the bone 
loss was limited to the maxilla, and the only local 





Fig 4. (Case 2) Photomicrographs. A) 
Left maxillary sinus bone and mucosa 
are unremarkable. B) Antral polyp has 
marked stromal edema and plasma cell 
infiltrate. 


abnormality was chronic sinusitis. The absence of 
increased osteoclastic activity suggests that the bone 
loss is most likely a result of decreased bone forma- 
tion, as seen in inflammation-mediated osteopenia. 
Hence, inflammation-mediated osteopenia may have 
aroleinthedevelopment of maxillary sinus atelectasis. 


If maxillary sinus atelectasis is caused by chronic 
subclinical sinusitis, traditional treatment modalities 
for chronic sinusitis could be expected to arrest or 
reverse the disease process. For diagnostic purposes, 
we performed a Caldwell-Luc operation on both 
patients, and each has done well for at least 6 months. 


It is not clear why maxillary sinus atelectasis 
developed in these two patients, and not in many 
other patients with chronic maxillary sinusitis. These 
patients may represent extreme cases along a spec- 
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trum, with less dramatic maxillary sinus collapse not 
being recognized clinically or radiographically. Al- 
ternatively, sinus atelectasis may reflect an unusual 
biologic response to inflammation. In order to deter- 
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mine the pathogenesis and optimal treatment for 
maxillary sinus atelectasis, further investigation into 
the metabolism of maxillary bone in the presence of 
sinus inflammation is necessary. 
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ULTRASTRUCTURAL CHANGES IN HUMAN NASAL CILIA 
CAUSED BY THE COMMON COLD AND RECOVERY OF 


CILIATED EPITHELIUM 
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TAMPERE, FINLAND Kuopio, FINLAND 
HEIKKI KIUKAANNIEMI, MD YRJÓ COLLAN, MD 
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Changes in the ultrastructure of human respiratory cilia caused by the common cold were studied in 12 patients. The nasal mucosa 
was studied three times: on the first or second day after the beginning of symptoms, and 1 week and 3 weeks after the first biopsy. The 
damage was most severe at 1 week. The most remarkable finding was the loss of cilia and ciliated cells. However, the ultrastructure was 
usually normal, without any increase in tubular anomalies, as compared with the normal material of the previous reports. Three weeks 
afterthe beginning of the disease the number of cilia and ciliated cells had increased to nearly normal. However, as a sign of regeneration, 
immature short cilia (0.7 to 2.5 um in length) were often seen. The ciliary orientation was uniform, dynein arms were normal, and there 
was no increase in the number of tubular anomalies. The results suggest that the impaired mucociliary function during viral infections 
is due to the loss of cilia and ciliated cells, rather than to ultrastructural anomalies in the cilia. The development of tubular anomalies and 
random ciliary orientation may require more extensive exposure to factors affecting ciliary function. 


KEY WORDS — ciliary ultrastructure, mucociliary function, respiratory infection, viral infection. 


INTRODUCTION 


The common cold! is an important but complex 
infectious syndrome caused by a large number of 
different viruses.? Acute viral infections may lead to 
chronic respiratory diseases, and bacterial infections 
in the upper or lower respiratory tract are usually 
preceded by acute viral infections. 


Many kind of defects in ciliary ultrastructure have 
been reported in recurrent or chronic respiratory 
infections,>- in asthma,’ and in allergic rhinitis.’ 
There is little doubt that viral infections of the respi- 
ratory tract can disturb mucociliary function.?:!0 Ex- 
perimentally, the reduction of mucociliary clearance 
during viral infection has been found to be due to 
ciliary disorders, a decrease in the number of cilia, 
and decreased ciliary beat frequency.!! 


This study deals with the abnormalities of the 
ciliary ultrastructure on nasal respiratory epithelium 
in patients suffering from the common cold, and the 
regeneration of ciliated epithelium. 


PATIENTS AND METHODS 


Sixteen volunteers — nonsmoking national ser- 
vicemen — were selected for this study. The patients 
were selected on the clinical basis of respiratory 
symptoms without any culture of respiratory viruses. 


At the time of the study there was no viral epidemic 
in the environment of the patients. They all had 
symptoms of acute common colds with acute watery 
rhinitis and nasal blockage for 1 to 2 days. They had 
a mild fever (body temperature 37.5°C to 38.5°C), 
but were otherwise healthy and without any history 
of respiratory allergy. All underwent clinical exami- 
nations by an otolaryngologist, and none had any 
signs of bacterial infection. After informed consent, 
local anesthesia was induced with cotton pieces moist- 
ened with 4% lidocaine hydrochloride with epineph- 
rine, and a specimen for electron microscopy was 
taken from the middle turbinate of the nasal cavity. 
The first specimen was taken at the time of diagnosis, 
usually on the first or second day from the beginning 
of symptoms. The second specimen was taken 1 week 
later, and a third sample was taken 3 weeks after the 
first biopsy. 


During the study, no antibiotics or local nasal 
drugs were used. All the patients recovered in a week 
and had been subjectively healthy for 2 weeks before 
the third specimen was taken. The study plan was 
approved by the institutional review board for human 
studies at Pohja Military Hospital. 


Samples for electron microscopy were fixed with 
1% glutaraldehyde and 4% formaldehyde fixative in 
0.1 mol/L phosphate buffer at 4°C for 1 week. The 
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Fig 1. Phase-contrast micrograph of na- 
sal mucosa sampled at beginning of dis- 
ease (original x187.5). Normal amount 
of cilia (arrowheads). 


A 


samples were then washed in veronal acetate hydro- 
chloride buffer (pH 7.4), postfixed for 1 hour with 
osmium tetroxide in S-collidine buffer (pH 7.4), 
washed again in veronal acetate hydrochloride buf- 
fer, and stained en bloc with uranyl acetate in veronal 
acetate hydrochloride buffer. The samples were em- 
bedded in Epon 812 and were sectioned with a 
diamond knife. Ultrathin sections were stained with 
uranyl acetate-lead citrate!? and examined in a Jeol 
JEM 100 S electron microscope in random order. 
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Fig 2. Electron micrograph of mucosa sampled at beginning of disease (original x45,000). Ciliary cross sections are 


uniformly normal. 









7 ""$ 5 

) . m > ae. e = 
E , 7 
= LI 


- “a 
* a an 





s. 
v 


* 
* 


i ^ ive 
> 
ae) 
"v Ts 
^. t E e > 
fl X WX 
- . 
.- 


= 


Finally, there were 12 patients in whom all three 
biopsy specimens were technically good enough for 
analysis. From the specimens the areas with the best 
cross sections of cilia were chosen, and electron 
micrographs were exposed at the primary magnifica- 
tion x15,000. The final magnification of the prints 
was x45,000. Ciliary orientation was estimated by 
measuring the standard deviation of the angles be- 
tween the plane defined by the central tubules and a 
reference line, by means of a semiautomatic image 


hs 
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analyzer (IBAS T).!3 
RESULTS 


Biopsy specimens taken at the time of the diagno- 
sis revealed a normal number of cilia in 10 of 12 
patients. The number of cilia was reduced in 2 pa- 
tients. However, most specimens revealed almost 
normal ciliary ultrastructure with a normal amount of 
compound cilia, some tubular abnormalities, and 
occasional local ciliary disorientation (Figs 1 and 2). 
Most cells in the samples were ciliated, and in the 
ultrastructural sections we usually found a number of 
ciliary cross sections. 


In the samples taken 1 week after the beginning of 
symptoms, the epithelial cells were mostly without 
cilia or with only a few cilia (Figs 3 and 4). Only in 
two patients were cells found with the normal num- 
ber of cilia. 


In the last biopsies, 3 weeks after diagnosis, the 
surface of the epithelium was usually ciliated, and the 
sections for electron microscopic study showed a 
normal number of ciliary cross sections in seven 
patients and a reduced number in two patients. In 
three patients, only a few cilia were found. 


Many kinds of tubular anomalies were found in the 
biopsy specimens at all three intervals. However, the 
tubular anomalies were seen only in a small percent- 
age of cilia, and we did not find any difference 
between the degree of these anomalies in the different 
groups. The same number of compound cilia was 
found in all of the groups. Also, dynein arms were 
usually present and appeared to be of normal length 
at all three time periods. 


Theciliary orientation was usually very uniform in 


Fig 3. Phase-contrast micrograph of mu- 
cosa sampled 1 week after onset of dis- 
ease (original x187.5). Arrowheads — 
loss of cilia. 
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all samples. The mean of the SD of the ciliary orien- 
tation was 30.8° (range 21.9? to 37.9?) in the first 
biopsy, 29.6* (range 15.7? to 42.1?) after 1 week, and 
24.1? (range 17.4? to 33.2?) after 3 weeks. In some 
specimens taken at the time of diagnosis, we found 
local ciliary disorientation, but the main orientation 
in these samples was uniform. 


Inlongitudinal sections of specimens taken 3 weeks 
after diagnosis, we found some cilia shorter than 
normal in four patients. The length of these short cilia 
varied between 0.7 um and 2.5 um (Fig 5). The same 
kind of cilia were found in only one specimen taken 
after a week of the disease, and in no samples taken 
initially. 


DISCUSSION 


During the first days of acommon cold, the changes 
on the nasal mucosa seemed to be slight. The degree 
of ultrastructural pathologic findings of the cilia was 
essentially the same as reported in normal controls.!4 
The most severe damage was seen in the samples 
taken 1 week after the beginning of symptoms. The 
main finding in these samples was the loss of cilia and 
ciliated cells. The same kinds of results were reported 
by Sakakura et al,!! who studied ciliary injury on the 
nasal epithelium of chickens with scanning electron 
microscopy during experimentally caused Newcastle 
disease virus infection. Their results showed that the 
peak of mucociliary clearance reduction was on the 
seventh day of infection, and the maximum loss of 
cilia was on the fifth day. Also, the results of Winther 
et al! showed some sloughing of epithelial cells but 
no destruction of epithelial lining in patients with 
naturally occurring common colds. A more marked 
feature than the loss of cilia was local neutrophilia of 
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Fig 4. Electron micrograph of nasal 
mucosa sampled 1 week after onset 
of disease (original x45,000). This 
section has only one cilium. There 
are several basal bodies within cell 
membrane (arrows). 
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the nasal mucosa.!5 Carson et al!® studied defects 
caused by acute viral respiratory infection in nasal 
ciliated epithelium in children. Their results showed 
a focal loss of cilia during the first week of illness. 
They also reported a clearly elevated number of 
tubular anomalies in the cilia. In our present study the 
number of abnormal axonemal structures can be 
considered normal at different periods during the 
illness, and the loss of cilia is markedly more pro- 
nounced than in the study of Winther et al.!> 


In the samples taken 3 weeks after the beginning of 
the disease, the amount of cilia and ciliated cells was 
normal or almost normal in 9 of 12 patients. How- 
ever, as a sign of regeneration, some short, immature 
cilia were seen in many samples of four patients. 
Longitudinal sections of the cilia were not systemati- 
cally made. However, no short cilia were seen in 
longitudinal sections in sampies taken at the begin- 
ning of the disease. In the series of Carson et al,!¢ the 
fine structure of the cilia gradually returned to normal 
within 6 weeks. In the organ culture of ciliated cells 
from patients with cystic fibrosis, the ciliogenesis 
was nearly complete within 1 month of injury, but 
there were still some short cilia.!” In this study the 
ultrastructure usually revealed the normal 9 plus 2 
arrangement,!8 and we did not notice any increase of 
tubular anomalies in the axonemes. It seems that 





acute viral infection on the respiratory epithelium 
does not disturb ciliogenesis very much. On the other 
hand, there may be a chronic condition in which 
human respiratory cilia are constantly short and a 
cause of impaired mucociliary transport.!? 


An elevated number of many kinds of tubular 
anomalies has been reported to be associated with 
primary ciliary dyskinesia and many other chronic 
respiratory diseases.??? In the present study an el- 
evated number of tubular anomalies in the ciliary 
ultrastructure could not be seen at different phases of 
the illness. The development of ciliary anomalies 
seems to require a longer exposure to infection or 
some other agent. Random ciliary orientation has 
been reported in primary ciliary dyskinesia?! and also 
in other chronic respiratory diseases. This study 
shows that naturally occurring acute viral respiratory 
infection does not necessarily disturb ciliary orienta- 
tion, and that it cannot be solely responsible for 
decreased ciliary function on this basis. 


Viral infections are known to impair mucociliary 
function. Experimentally induced rhinovirus infec- 
tion in healthy volunteers decreased nasal mucociliary 
transport at 12 hours postinoculation, with a maxi- 
mum depression after 3 days. The mean transport rate 
was slower than normal for 9 to 11 days.!° Also, an 
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experimental cold caused by Newcastle disease virus 
in chickens showed a loss of cilia and impaired 
mucociliary transport of the nasal mucosa.2? How- 
ever, mucociliary transport may occur without com- 
plete ciliation of the whole epithelial surface. There- 
fore, the impaired mucociliary function may partly be 
caused by impaired ciliary motility or coordination. 
Many inflammatory substances released during in- 





fection are ciliostatic,*4 and they may have an influ- 
ence on the viscoelastic properties of respiratory 
mucus. Further studies on the molecular basis of 
ciliary function are needed for further analysis of 
functional and structural changes in cilia in respira- 
tory disease. Such studies could potentially expose 
vistas for more directed clinical treatment of respira- 
tory infections. 
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Vallarta, Mexico. Abstracts are currently being accepted. For further information, contact Robin L. Wagner, American Diopter and 
Decibel Society, 3518 Fifth Avenue, Pittsburgh, PA 15213; fax (412) 647-8720, phone (412) 647-2227. 
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DIAMETER OF THE COCHLEAR NERVE IN DEAF HUMANS: 
IMPLICATIONS FOR COCHLEAR IMPLANTATION 


JOSEPH B. NADOL, JR, MD WEN-ZHUANG XU, MD 


BOSTON, MASSACHUSETTS 


Although the parameters that are most important for postoperative speech perception in cochlear implantation have not been 
identified, it is assumed that the numbers of remaining cochlear neurons and spiral ganglion cells in the implanted deaf ears are critical. 
Inthis study, we evaluated the correlation of the maximum diameter of the cochlear and vestibular nerve trunks with the number of spiral 
ganglion cells in horizontal sections of the temporal bone of 42 patients who were profoundly deaf during life, and in 5 patients with 
normal hearing. The maximum diameters of the cochlear, vestibular, and eighth cranial nerves were significantly smaller in the deaf 
population as compared to normal-hearing controls. In addition, the counts of the remaining spiral ganglion cells were significantly 
correlated with the maximum diameter of the cochlear (p = .0006), vestibular (p = .001), and eighth cranial nerves (p = .0003). The 
regression equation estimated that 25% of the variance of the spiral ganglion cell count was predicted by the maximum diameter of the 
eighth nerve. Although the results of this study suggest that preoperative radiographic imaging of the diameter of the eighth nerve may 
be helpful in predicting the residual spiral ganglion cell count, the wide variability of diameters of the eighth nerve in hearing and deaf 


subjects militates against this theoretic usefulness. 
KEY WORDS — cochlear implant, cochlear nerve. 


INTRODUCTION 


Considerable variability has been demonstrated in 
postoperative speech perception in individuals who 
have undergone cochlear implantation.! Although 
all the parameters that may influence postoperative 
speech perception have not been identified, it is 
assumed that the numbers of cochlear neurons and 
spiral ganglion cells remaining in deaf inner ears are 
ofcriticalimportance.2? Several histopathologic stud- 
ies have demonstrated large variability of the spiral 
ganglion cell counts in deaf ears.255? Although the 
spiral ganglion cell count seems to correlate with 
several clinical parameters such as age, duration of 
deafness, and cause of deafness, even within diag- 
nostic categories there is a wide variability of residual 
spiral ganglion cells.5 In an effort to prognosticate 
postoperative success as measured by speech percep- 
tion in candidates for cochlear implantation, most au- 
thors have studied various parameters of preoperative 
electrical evoked responses or psychophysical test- 
ing,10,11 


Modern imaging techniques, particularly magnetic 
resonance imaging, are capable of demonstrating the 
soft tissue contents of the internal auditory canal. The 
present study was designed to evaluate the relation- 
ship between the diameter of the auditory and ves- 
tibular nerves and the number of remaining spiral 
ganglion cells in temporal bones from deaf individu- 
als as evaluated in horizontal sections of temporal 


bones prepared for light microscopy. We speculated 
that if the diameters of the auditory nerve or eighth 
cranial nerve were strongly correlated with the num- 
ber of spiral ganglion cells, measurement of these 
structures by preoperative imaging techniques might 
prove to be a valuable prognostic tool. 


MATERIAL AND METHODS 


Forty-seven temporal bones from the collection of 
the Massachusetts Eye and Ear Infirmary were ana- 
lyzed in this study. Forty-two specimens were from 
patients with a clinically documented history of pro- 
found deafness, and five were from patients with 
normal hearing. Only one temporal bone per indi- 
vidual was evaluated. For each ear, the age at death, 
duration of hearing loss, duration of deafness, and 
otologic diagnosis were documented. 


The temporal bones were processed for histologic 
study as previously described.!? Temporal bones 
were sectioned at a thickness of 20 um in the horizon- 
tal plane. Every 10th section was stained with hema- 
toxylin and eosin and mounted on a glass slide. The 
organ of Corti and spiral ganglion were graphically 
reconstructed in two dimensions by a method de- 
scribed by Schuknecht!?:14 and Otte et al.? 


To determine the total spiral ganglion cell count, 
all ganglion cells with visible nucleoli were counted 
on every 10th section. Counts were multiplied by 10 
to account for unmounted sections, and also by a cor- 
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TABLE 1. DISTRIBUTION OF DATA SET 


No. of Mean Age 

Diagnosis Temporal Bones at Death (y) 
Postnatal viral 

labyrinthitis 6 53 
Congenital rubella 

syndrome 2 12 
Sudden idiopathic 

deafness 3 57 
Bacterial 

labyrinthitis 5 69 
Tumor of temporal 

bone or 

cerebellopontine angle 5 41 
Otosclerosis and/or 

presbycusis 2 50 
Congenital or 

genetic cause 8 35 
Trauma or fracture 

of temporal bone 3 53 
Aminoglycoside 

ototoxicity 6 54 
Meniere's disease 1 76 
Unknown cause 1 73 
Normal hearing 5 41 
Total 47 


rection factor of 0.9.15 The total spiral ganglion cell 
.count was also expressed as a percentage of normal as 
compared to age-matched controls. 


The diameters of the cochlear nerve and vestibular 
nerve were measured at the point of maximum diam- 
eter of each nerve within the internal auditory canal 
in serial horizontal (axial) sections. The maximum 
diameter of the eighth cranial nerve was estimated by 


addition of the measured maximum diameters of the 


auditory and vestibular divisions. 


The maximum diameters of the cochlear, vestibu- 
lar, and eighth cranial nerves were evaluated for 
correlations with the total spiral ganglion cell count, 
percentage of normal spiral ganglion cell count for 
age, percentage of remaining hair cells, percentage of 
remaining pillar cells, age at death, sex, duration of 
hearing loss, duration of deafness, and finally, cause 


. of deafness. Statistical analysis was performed with 


the Pearson correlation coefficient, analysis of vari- 
ance, the f test, and SAS statistical software (SAS 
Institute Inc, Cary, NC). 


RESULTS 


The distribution and mean age at death of the study 
population are shown in Table 1. With the 1 test 
(Table 2), it was apparent that the total spiral ganglion 
cell count and maximum diameters of the cochlear, 
vestibular, and eighth cranial nerves were all signifi- 
cantly smaller in the deaf population than in the 
normal-hearing control group. However, the ranges 
for each parameter demonstrated considerable over- 
lap between hearing and deaf groups. 


The Pearson correlation coefficients for the diam- 
eters of the cochlear, vestibular, and eighth nerves 
and various clinical and histopathologic parameters 
are shown in Table 3. As would be expected, there 
was no statistically significant correlation between 
the maximum diameter of the nerves and the side of 


TABLE 2. CORRELATION OF SPIRAL GANGLION CELL COUNT AND NERVE DIAMETERS WITH HEARING STATUS 


(T TEST) 
Normal-Hearing Deaf 
(n 2 5) (n = 42) 
Spiral ganglion cell count 
Mean x SD 27,304 x 4,203 15,463 + 7,838 
Range 23,103 to 31,932 0 to 29,997 
p .0008 
Maximum diameter of 
cochlear nerve (mm) 
Mean + SD 1.04 + 0.11 0.81 + 0.15 
Range 0.90 to 1.20 0.50 to 1.20 
P .0067 
Maximum diameter of 
vestibular nerve (mm) 
Mean x SD 0.98 + 0.08 0.76 + 0.12 
Range 0.90 to 1.10 0.50 to 1.00 
p .0019 
Maximum diameter of 
eighth cranial nerve (mm) 
Mean + SD 2.02 + 0.08 1.57 + 0.26 
Range 1.90 to 2.10 1.00 to 2.10 
p .0001 
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TABLE 3. PEARSON CORRELATION COEFFICIENTS FOR DIAMETER OF COCHLEAR AND VESTIBULAR 
NERVES AND CLINICAL AND HISTOPATHOLOGIC PARAMETERS 


Left versus right ear : 


Maximum Diameter of Maximum Diameter of 
Vestibular Nerve Eighth Cranial Nerve 

Pearson Pearson 
Correlate p n Correlate P n 

0.03773 .8012 47 0.05656 1057 47 
-0.17001 .2533 47 —0.08590 .5659 47 
-0.00088 .9953 47 -0.03762 .8018 47 
-0.21774 1415 47 -0.23094 .1183 47 
-0.22572 .1271 47 ~0.23747 .1080 47 

0.46323 0010 47 0.50663 .0030 47 


Maximum Diameter of 
Cochlear Nerve 
Pearson 
Correlate p n 
0.06520 6632 47 

Male versus female ~0.00579 .9692 47 
Age at death ~0.06339 6721 47 
Duration of 
hearing loss -0.21351 .1496 47 
Duration of 
deafness -0.21805 .1409 47 
Spiral ganglion 
cell count 0.40836 .0006 47 
% Normal spiral 
ganglion cell count 
(age-matched) 0.42743 .0027 47 
% Remaining 
hair cells 0.21452 .1523 46 
% Remaining 
pillar cells 0.21390 .1535 46 
Maximum diameter 
of vestibular nerve 0.73803 .0001 47 


the temporal bone (left versus right) or the sex of the 
patient. In addition, there was no significant correla- 
tion with the age at death, the duration of hearing loss, 
the duration of deafness, the percent of remaining 
hair cells, or the percent of remaining pillar cells. 
However, the maximum diameters of the cochlear, 
vestibular, and eighth cranial nerves were strongly 
correlated with the spiral ganglion cell count 
(p = .0006, p = .001, and p = .0003, respectively) and 
the percent of normal age-matched spiral ganglion 
cell count (p = .0027, p = .0036, and p = .0015, re- 
spectively). The maximum diameter of the cochlear 
nerve was strongly correlated with the maximum 
diameter of the vestibular nerve (p = .0001). The 
scatterplots of spiral ganglion cell count versus dia- 
meters of the cochlear, vestibular, and eighth cranial 
nerves and regression lines are shown in Fig 1, and a 
histogram of spiral ganglion cell count by cochlear 
nerve diameter is shown in Fig 2. 


DISCUSSION 


Correlation of Nerve Diameter and Spiral Gan- 
glion Cell Count. It is clear from the data that the 
maximum diameters of the cochlear, vestibular, and 
eighth cranial nerves are positively correlated with 
the remaining spiral ganglion cell count, and that the 
diameter of each of these nerves is smaller in deaf 
subjects than in normal controls. This implies that 
precise measurements of the maximum diameter of 
each of these nerves on preoperative imaging studies 
such as magnetic resonance imaging could be used as 
apredictorof the remaining spiral ganglion cell count 
and perhaps, in turn, as a means of prognostication of 


0.41587 .0036 47 
0.21452 .1523 46 


0.21390 .1535 46 


0.45259 .0015 47 
0.21964 .1425 46 


0.23159 .1215 46 


1.00000 0 47 


success of implantation. 


However, the overlap in ranges of diameters in 
deaf and hearing ears and the lack of thorough under- 
standing of the patterns of degeneration of the audi- 
tory nerve militate against the usefulness of this 
theoretically possible tool. As is apparent from Table 
2 and Fig 1, there is considerable overlap in range of 
the maximum diameters of the nerves in deaf and 
normal-hearing individuals. Thus, the maximum di- 
ameters of the cochlear and eighth cranial nerves in 
deaf and normal individuals were the same (1.2 and 
2.1 mm, respectively). In addition, although signif- 
icantly different, the mean diameters for deaf and 
normal-hearing ears differ by only 0.23 mm for the 
cochlear nerve, 0.22 mm for the vestibular nerve, and 
0.45 mm for the eighth cranial nerve. It is question- 
able whether this degree of precision is achievable, 
given the resolution of current imaging techniques. 


Patterns of Degeneration of Human Cochlear 
Nerve. The pattern of degeneration of the auditory 
nerve remains controversial. In a recent series of 
papers, Spoendlin and Schrott!6-18 have demonstrated 
that in normal and pathologic human specimens, the 
number of spiral ganglion cells is approximately 
equivalent to the number of axons within the internal 
auditory canal and to the number of dendrites counted 
in theosseous spiral lamina. This corroborated earlier 
work in animal models? in which it was demon- 
strated that retrograde degeneration of the first-order 
auditory neuron occurs when either the central or 
peripheral process has been damaged and that in 
general, there is good correlation between counts of 
dendrites as measured in the osseous spiral lamina 
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and the number of spiral ganglion cells. 


However, several investigators have demonstrated 
that in the human the number of axons as measured in 
the internal auditory canal may far exceed the number 
of dendrites as measured in the osseous spiral lamina. 
For example, Felix et al found that there were 
always fewer dendrites than axons in human cases of 
sensorineural hearing loss, with differences up to 
5596. In addition, the lower the number of dendrites, 
the greater the difference between axon and dendrite 
counts; this finding suggests that axons degenerate at 
a much slower rate than dendrites. In a semiquan- 
titative study, Suzuka and Schuknecht?! found that 
the loss of dendritic fibers was consistently greater 
than the loss of spiral ganglion cells in humans, and 
that following cochlear injuries, the soma may sur- 
vive for many years without its dendritic process. 
This was substantiated in a study using transmission 
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Fig 1. Scatterplots. (Note: Where data points overlapped, small in- 
crements were added to nerve diameters to separate data for purposes 
of Figure.) A) Of measured maximum diameters of cochlear nerve 
(C.N.) and spiral ganglion cell (SGC) count. Regression equation can 
be used to estimate SGC count as follows: y(SGC count) = -3,567 + 
24,290 x maximum diameter of C.N. in millimeters. B) Of maximum 
diameters of vestibular nerve (V.N.) and SGC count. C) Of maxi- 
mum diameters of eighth nerve (C.N + V.N.) and SGC count. Re- 
gression equation can be used to estimate SGC count, if eighth nerve 
diameter is known, as follows: y(SGC count) = -7,681 + 15,038 x 
maximum diameter of C.N. and maximum diameter of V.N. in mil- 
limeters. 
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electron microscopy?? of one case of long-standing 
profound deafness in which remaining spiral gan- 
glion cells possessed no dendritic fibers but the axons 
were intact. 


In seven surgical specimens of auditory nerves 
from humans undergoing translabyrinthine nerve 
sections, Ylikoski et al? reported that the nerve fiber 
population in these deaf individuals was near normal. 
However, this study was based on a sampling tech- 
nique in which actual measurements were of the 
remaining axon density and the total count of axons 
was extrapolated. In a subsequent study,”4 "intact" 
cochlear nerves were reported in five deaf humans 
with severe degeneration of the spiral ganglion and 
cochlea as evaluated by light microscopy; this find- 
ing implied that auditory neurons may survive, at 
least for a time, after degeneration of the cochlea and 
spiral ganglion cells. However, the technique used to 
evaluate the integrity of the auditory nerve was 
semiquantitative. 
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Fig 2. Histogram of mean and standard deviation of spiral 
ganglion (SGC) cell count by maximum diameter of coch- 
lear nerve (C.N.) in millimeters. 


The factors responsible for initiation of degenera- 
tion of spiral ganglion cells and their processes re- 
main controversial. Putative causes for retrograde 
degeneration include loss of inner hair cells, loss of 
supporting pillar and Deiters' cells,26 and damage to 
the dendritic fibers within the osseous spiral lam- 
ina.192728 However, in the present study there was a 
lack of correlation between the diameter of the coch- 
lear nerve and the percent remaining hair cells or 
percent remaining pillar cells (Table 3) that under- 
scores our poor understanding of the factors that 
determine initiation of degeneration of the human 
auditory neuron. 


Thus, it appears that there is not yet a consensus on 
the correlation between the number of auditory nerve 
fibers as measured in the internal auditory canal and 
the remaining spiral ganglion cell count and remain- 
ing dendritic fiber count. Although the time course of 
retrograde degeneration of cochlear axons in animals 
may not exceed 12 months,?7-29 the time course in 
humans may be much longer,?!?4 and hence may 
help to explain these apparently disparate findings. 


If we assume that the number of axons as measured 
in the internal auditory canal will eventually come 
into parity with the number of spiral ganglion cells, it 
does not necessarily follow that this will result in a 
decrease in the diameter of the auditory nerve as 
measured by preoperative imaging techniques. There 
is a paucity of information concerning the correlation 
between auditory nerve diameter and the number of 
nerve fibers contained therein. In a quantitative study, 
Fujii et al?9 evaluated the cross-sectional morphol- 





ogy ofthe auditory and vestibular nerves in 12 human 
specimens. They found that the number of nerve 
fibers of both the auditory and the vestibular trunks 
failed to decrease with age. However, the diameter of 
the auditory nerve fibers did appear to decrease with 
advancing age. Felix and Hoffmann;?! in a study of 
surgical specimens of cochlear nerves of humans 
who had suffered congenital or acquired deafness, 
demonstrated a wide variability of nerve fiber count 
and a considerable variability in interneuronal fibro- 
sis and gliosis, which would be impossible to distin- 
guish from nerve fiber by radiographic techniques. L. 
I. Terr and G. A. Sfogliano (personal communica- 
tion, 1991) performed cross-sectional measurements 
of the auditory nerve in normal and deaf humans. 
They found that both the individual nerve fibers and 
the auditory nerve trunk itself were thinner in deaf 
individuals than in those with normal hearing. Thus, 
in the deaf group the mean cross-sectional area of the 
cochlear nerve trunk was 1.1 mm?, whereas in nor- 
mal-hearing individuals the area was 1.9 mm?. Unfor- 
tunately, no correlation with residual spiral ganglion 
cell count was possible in this study. Additionally, 
these investigators suggested that the density of the 
nerve fibers within the auditory nerve trunk was 
reduced, but these results were not quantified. 


Correlation Between Diameters of Cochlear and 
Vestibular Nerves. The significant correlation be- 
tween the diameters of the cochlear and vestibular 
nerves (Table 3) was a surprising finding. This may 
imply that diseases that affect the cochlea tend also to 
involve the vestibular apparatus, a hypothesis sup- 
ported by the positive correlation between counts of 
remaining Scarpa's ganglion cells and spiral gan- 
glion cells?? and the frequent coincidence of hypo- 
function on caloric tests in ears with markedly de- 
creased spiral ganglion cell counts.? 


In summary, by histologic measurements there is 
asignificant positive correlation between the remain- 
ing spiral ganglion cell counts and the diameters of 
thecochlear, vestibular, and cochleovestibular nerves. 
The significant scatter of diameters may be due to 
delay in degeneration of nerve fibers or variation in 
interneuronal gliosis. Nevertheless, attempts to mea- 
sure these nerves radiographically in cochlear im- 
plant candidates seem warranted in an effort to pre- 
dict remaining spiral ganglion cell counts and per- 
haps to prognosticate success in speech perception. 
However, the wide variability in diameters of the 
eighth nerve in both deaf and hearing subjects mili- 
tates against this theoretic usefulness. 
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INFLUENCE OF GENERAL ANESTHESIA ON TRANSIENTLY EVOKED 
OTOACOUSTIC EMISSIONS IN HUMANS 
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BASEL, SWITZERLAND 


The influence of general anesthesia (GA) on transiently evoked otoacoustic emissions ( TEOAEs) was studied in 19 normally hearing 
women undergoing surgery. Emissions were measured on the day before the operation, after premedication but before the beginning of 
the operation, and during and afterthe operation. There were no significant differencesin TEOAE amplitude orin reproducibility between 
results obtained the day before the operation and after premedication. Ten patients received nitrous oxide (N2O) during GA (N20 group), 
and 9 patients did not (non-N2O group). The amplitude of TEOAEs was reduced during GÀ in 9 of 10 patients in the N2O group and 
in 7 of 9 patients in the non-N2O group. However, the average decrease of amplitude after the first 10 minutes was greater in the N2O 
group (4 + 3.4 dB) than in the non-N2O group (0.18 x 1.4 dB). The corresponding mean reproducibility of the response decreased in 9 
of 10 patients of the N2O group (29% + 24%) and was nearly unchanged in the non-N2O group (2.3% + 7.2%). The time course of the 
amplitude reduction was similar in both groups. The smallest amplitudes were reached on an average by 19.3 + 11.4 minutes in the N20 
group and by 17 + 13.6 minutes in the non-N2O group. Preoperative and postoperative TEOAEs were comparable in level and 
reproducibility. Differential frequency effects imply a middle ear effect for the greater reduction of TEOAE amplitudes in the N2O group 
due to gas diffusion into the middle ear. The decreases in the amplitudes of TEOAEs in patients not receiving N20 indicate the presence 


of additional factors affecting the response during GA. 


KEY WORDS — anesthesia, humans, normal ears, otoacoustic emissions. 


INTRODUCTION 


The influence of general anesthesia (GÀ) on tran- 
siently evoked otoacoustic emissions (TEOAES) is 
of interest for several reasons. The measurement of 
TEOAES is used increasingly as an objective hearing 
test,!-7 and children may be tested under sedation or 
GA. The changes of TEOAEs under GA have to be 
known for such measurements. In addition, GÀ may 
exert an effect on the efferent portion of the cochlear 
innervation. Experimental results have suggested that 
this system may modulate TEOAEs in humans.?-10 
Drugs used for GÀ often act on neurotransmitters or 
neuromodulators, some of which have been shown to 
be present in the cochlea.!!-!8 For example, benzodi- 
azepines exhibit a close functional relationship to y- 
aminobutyric acid (GABA) receptors!?20 and act as 
coreceptors increasing the GABA-induced chloride 
ion influx into the cell. Atropine blocks acetylcholi- 
nergic mechanisms, and fentanyl citrate influences 
opioid receptors. These drugs are widely used during 
anesthesia. 


An additional reason for studying TEOAEs during 
GA is the relative difficulty in recording TEOAEs in 
most laboratory animals, in contrast to other types of 
emissions. General anesthesia may be a factor con- 
tributing to this finding, because animals are gener- 


ally tested under GA.?1-2 However, the enormous 
pharmacologic and physiologic complexity of GA 
and the fact that experimental manipulations cannot 
becarried out in humans limited the goal of this study 
to the evaluation of gross influences of GA on 
TEOAEs. 


MATERIAL AND METHODS 


Subjects. The subjects were 20 women, 18 to 52 
years of age (mean 27.8 years), who underwent a 
gynecological surgical procedure under GA. They 
participated in the study after informed consent was 
obtained. All had normal middle ear status as mea- 
sured by otoscopy and immitance procedures. Pure 
tone air conduction thresholds, obtained by standard 
audiometric methods, were <10 dB hearing level 
bilaterally at octave frequencies between 250 and 
8,000 Hz. 


Procedure. On the day before the surgical proce- 
dure, pure tone audiometry and immitance testing 
were performed. Click-evoked otoacoustic emissions 
(OAEs) were measured three times ("preoperative 
recording”). All measurements were performed with 
the patient in a recumbent position. 


On the day of surgery, 30 to 60 minutes before the 


From the Departments of Otorhinolaryngology (Hauser, Probst, Harris) and Anesthesiology (Frei), University of Basel, Basel, Switzerland. 


Supported by Swiss National Foundation project Nr 32-25514.88. 


Presented in part at the 14th Midwinter Research Meeting of the Association for Research in Otolaryngology, St Petersburg Beach, Florida, February 


3-7, 1991. 


REPRINTS — Rolf Hauser, MD, Dept of Otorhinolaryngology, University of Basel, Kantonsspital, CH-4031, Basel, Switzerland. 


Hauser et al, General Anesthesia & Evoked Otoacoustic Emissions 995 


TABLE 1. ECHO LEVEL AND REPRODUCIBILITY OF 
TEOAEs ON DAY BEFORE SURGERY, UNDER 
ANESTHESIA PREMEDICATION, AND AFTER 

ANESTHESIA (N = 19) 


Mean Echo Mean 
Level x 1 SD Reproducibility 
(dB SPL) + 1 SD(%) 

Preoperative 

Measurement 1 12.5 3.1 87.5 x 12.9 

Measurement 2 12.8 + 3.8 86.6 x 15.8 

Measurement 3 13.3 3.5 92.5 + 14.2 
Premedication 

Measurement 1 12.5 + 3.2 83.6 x 11.1 

Measurement 2 13.0 € 2.9 85.1+ 9.1 

Measurement 3 13.5 3.4 89.5 x 10.5 
Postoperative 

Measurement 1 11.8 x 3.6 84.2+ 8.9 

Measurement 2 12.3 + 3.8 84.5 + 11.0 

Measurement 3 12.5 € 3.2 86.4x 9.5 


TEOAES — transiently evoked otoacoustic emissions, SPL — sound 
pressure level. 


induction of GA and after premedication with atro- 
pine 0.01 mg/kg and/or midazolam hydrochloride 
0.05 to 0.1 mg/kg, the measuring probe was posi- 
tioned securely in one of the subject's ear canals. The 
ear selected to be tested was varied for consecutively 
examined patients and was kept unchanged during 
the entire surgical and anesthesiologic procedure. 
Immediately after placement of the probe, TEOAEs 
were recorded three times (“premedication record- 
in g”). 

During the GA, TEOAEs were recorded about 
every 2 minutes. Thirty minutes after termination of 
GA, TEOAEs were again recorded three times (*post- 
operative recording"). Typically, anesthesia was in- 
duced by methohexital together with midazolam or 
propofol, fentanyl citrate, and the muscle relaxant 
atracurium besylate. After endotracheal intubation, 
10 patients received nitrous oxide (N2O) during GA 
(N2O group), and 10 patients received enflurane 
without any use of N2O. One patient not receiving 
N20 had to be excluded from analysis because the 
probe was loosened during GA. 


Measurement of TEOAEs. AnILOS88 otodynamics 
analyzer in combination with a portable computer 
(Pyramid Computers, Freiburg, Germany) was used 
to stimulate and record the emissions. Stimuli were 
80-microsecond rectangular pulses that were pre- 
sented at a 20-millisecond rate in a stimulus array 
canceling linearly increasing portions of the responses. 
Three stimuli of equal size and polarity were fol- 
lowed by a fourth stimulus three times greater in 
amplitude and of inverted polarity. This format is 
used to extract the low-level, nonlinear cochlear 
emission from the higher-level linear stimulus and 
response components. It is a software option of the 


ILO88 and has been described fully elsewhere.*° The 
stimulus level was adjusted until the microphone 
detected a peak stimulus level of 75 to 80 dB sound 
pressure level (SPL). This SPL assured the perfor- 
mance of measurements in saturation of the TEOAEs, 
as recommended for clinical purposes.’ It was kept 
constant (+1 dB) during all measurements within a 
single subject. This condition compensated for the 
variability introduced by probe placement and for 
individual differences in impedance characteristics. 


Acoustic measurements performed in operating 
rooms are difficult to perform because of the high 
level of environmental noise. Therefore, precautions 
were taken to avoid the influence of noise as much as 
possible. Throughout testing, probe stability and noise 
levels were monitored by the probe microphone and 
the ILO88 software options. The surgeons and the 
other staff were instructed to reduce noise as far as 
possible during the operation. In an attempt to reduce 
environmental noise further, circumaural ear protec- 
tors were fitted to the patient, and the artifact rejec- 
tion algorithms were adjusted to a maximum between 
43 and 48 dB SPL. Under this limit, the mean noise 
during accepted data was within a reasonable range 
below 40 dB. The resulting percentage of measure- 
ments rejected by the artifact rejection algorithm was 
equal to or smaller than 50% for all single measure- 
ments. Responses were stored after completion of 
260 averages for a single measurement. 


Data Analysis. Three parameters were selected to 
assess the variability across the longitudinal mea- 
surements. Amplitude was expressed as “echo level,” 
which is a numeric value referring to the power of the 
response waveform and converted to decibels SPL by 
using the calibration values of the microphone.3051 
Second, reproducibility was expressed as a cross 
correlation of two interleaved recorded waveforms. 
Third, each response waveform was transformed into 
its power spectrum by means of a fast Fourier trans- 
formation (FFT). The variability of the frequency 
spectrum amplitude was evaluated within 200-Hz- 
wide spectral bands from 0.7 to 5.8 kHz. Data analy- 
ses included computations of unpaired t tests be- 
tween arithmetic group means. 


RESULTS 


No significant changes of amplitude or reproduc- 
ibility were noted between the TEOAE measure- 
ments the day before surgery, under premedication 
with atropine and/or midazolam, and after the GA. 
The corresponding values are given in Table 1. 


The pattern of TEOAE changes during GA was 
more uniform in patients receiving N2O. Nine of 10 
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patients showed marked reductions of amplitude and 
reproducibility. À typical individual exampleis shown 
in Fig 1. The overall measuring conditions in this 
example were relatively stable, with a fixed noise 
rejection level of 45.3 dB, a mean noise of 35.7 + 1.1 
dB SPL during accepted data, and a mean percentage 
of 81% + 15% of accepted measurements. A steep 
decrease of the amplitude from about 10.3 down to 
about 6.8 dB SPL and reproducibility from 72% to 
about 3596 was observed within the first 10 minutes 
after the beginning of N2O application. Analysis of 
the mean power spectra revealed that variability 
during N2O anesthesia was highest in the frequency 
range of 1 to 2 kHz, as shown in Fig 2A. 


A smaller reduction of TEOAE amplitude was 
recorded in the non-N2O group than in the N20 
group. À decrease of amplitude could be documented 
in seven of nine patients. Reproducibility was nearly 
unchanged. An individual example is given in Fig 3. 
The measuring conditions for this example were 
relatively good and were comparable to those de- 
scribed for the example in Fig 1 when extraneous 
noise levels are considered. The fixed noise rejection 


N= 25 measurements 


Hesponse (dBSPL) 
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A Frequency (kHz) 








Fig 1. Typical behavior of amplitude 
expressed as "echo level" (white circles, 
left axis) and reproducibility (black 
circles, right axis) of one transiently 
evoked otoacoustic emission measured 
during nitrous oxide (N2O) anesthesia. 
Both values decrease after introduction 
of N20 and increase after application of 
N20 has been finished. 


Reproducibility (96) 


70 80 


level was 45.3 dB, the mean noise during accepted 
data 35.4 + 1.0 dB SPL, and the mean percentage of 
accepted measurements 74% x 18%. While a de- 


. crease of the emission amplitude from around 13 to 


9.5 dB SPL was noted, reproducibility was not changed 
systematically and remained around 80%. Under the 
non-N2O anesthesia condition, there were small 
changes in the frequency range 1 to 2 kHz (Fig 2B). 


Table 2 summarizes the mean changes of TEOAE 
amplitude and reproducibility after the first 10 min- 
utes of anesthesia together with the time until the 
minimum of the emission amplitude was measured. 
The time course of the amplitude reduction was 
similar in both groups. The minima of the reproduc- 
ibility of the non-N2O group were all above 6066, 
whereas 9 of 10 patients of the N2O group showed 
minima below 60%. 


DISCUSSION 


Systematic examinations of the influence of GA 
on OAEs were performed by Probst and Beck?? for 
spontaneous otoacoustic emissions (SOAEs). They 


N= 28 measurements 
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B Frequency (kHz) 


Fig 2. Variability of power spectra levels within frequency bands of 200 and 300 Hz. Line connects mean levels of all measurements 
of A) subjects who received nitrous oxide anesthesia and B) those who did not. Vertical bars — 1 SD. A) Variability during nitrous 
oxide anesthesia is marked in frequency range from 1 to 2 kHz, which is primarily determined by middle ear. Higher frequencies 
are less influenced by positive middle ear pressure. B) During measurements without application of nitrous oxide, there were 
extremely small changes in lower frequency region between 1 and 2 kHz, whereas variability was higher in upper frequency range. 
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Fig 3. Behavior of one transiently evoked 
otoacoustic emission during anesthesia 
without use of nitrous oxide (N20). Re- 
producibility (black circles, right axis) 
stays nearly constant, whereas response 
amplitude (white circles, left axis) de- 
creases and does not increase again until 
after cessation of anesthesia. 


Echo dBSPL 


examined the behavior of 13 SOAEs in 10 subjects 
during GA. Generally, SOAEs were not abolished 
during anesthesia. Systematic patterns of changes 
could not be recognized. A minority of the examined 
SOAEs showed negatively correlated changes of 
amplitudes and frequencies indicating a possible 
middle ear influence with the use of N2O and muscle 
relaxants. All SOAEs remained measurable during 
the entire time course of the GA. The study of SOAEs 
during anesthesia is more difficult than the measure- 
ment of TEOAEs with the advanced cochlear echo 
technique described by Bray and Kemp.?? This tech- 
nique includes several artifact rejection procedures 
and thereby increases the signal-noise ratio. More- 
over, the intrinsic variability of SOAE amplitude 
during relatively short time courses could influence 
the outcome of such a study.53-35 


In this study, click-evoked OAEs remained gener- 
ally detectable during anesthesia. Extraneous noise 
levels could be controlled, within reasonable limits, 
when circumaural ear protectors were fitted and the 
staff was instructed to avoid unnecessary noise. How- 
ever, amplitudes and reproducibilities of the emis- 
sions were greatly reduced during the use of N20 as 
anarcotic gas. In thesecases, the presence of TEOAEs 
could not always be confirmed reliably. Therefore, 
N20 should be avoided when TEOAEs are measured 
during GA. The decrease of TEOAE amplitude and 
reproducibility during N2O inhalation is most likely 


Alfentanil 


uwo7*9e 9 999.9, 
T e" ^v 


—Q-- echo dBspl 
ett e-- repro% 


Atropine i 
Edrophonium ric 
awake 


9-6 
é 
-w9....- / - 
: e 
KA Py 


3 
Reproducibility (%) 


10 15 20 25 36 


Time (min) 


induced by changes in the transfer function of the 
middle ear. Nitrous oxide is known to diffuse through 
mucous membranes, and gas pressure can build up 
within the middle ear.?6-3? Such pressure changes can 
be exchanged only passively during GA because of 
paralysis of the eustachian tube opening by muscle 
relaxants. A reduction of OAE amplitudes by chang- 
es in middle ear pressure has been demonstrated by 
several authors.^35:40-42 This reduction affected 
mainly the 1- to2-kHz region without influencing the 
higher-frequency region. The same pattern of fre- 
quency-specific amplitude reduction was found dur- 
ing GÀ with N2O, but not without N2O. This finding 
argues strongly for a middle ear influence. 


A small and systematic reduction in amplitude, but 
not in reproducibility, was noted also in subjects not 
anesthetized with N2O. The similar time course of 
this amplitude reduction in the N2O group and in the 
non-N2O group is an indication that the reduction is 
probably a result of the GA itself. However, no sys- 
tematic inf luences of specific drugs or of the depth of 
GA could be detected. An effect of the efferent sys- 
tem cannot be ruled out, nor canit be demonstrated by 
this study. Itis possible that such influences would be 
more pronounced when TEOAEs are measured with 
a lower stimulus intensity not driving the emissions 
into saturation. 


Premedication did not influence TEOAEs signif- 
icantly (Table 1). It can be concluded that the usual 


TABLE 2. CHANGES OF MEAN TEOAE AMPLITUDES AND MEAN TIME COURSE OF TEOAE AMPLITUDE 
CHANGES DURING ANESTHESIA 


Change in 
Amplitude (dB SPL) 


Mean x SD Range 
N20 group (N = 10) 4+ 3.4 ~10.2 to 2 
Non-N20 group (N = 9) -0.18 + 1.4 -3 to 1.4 


Change in 
Mean x SD 2 6 
Time to Amplitude ___Reproducibility (56) — 
Minimum (min) Mean + SD Range 
-19.3 + 11.4 ~29 x 24 -58 to 7 
-17 + 13.2 -2 t7 -4 to 19 


TEOAE — transiently evoked otoacoustic emission, SPL — sound pressure level, N2O — nitrous oxide. 
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dosages of benzodiazepines (midazolam) and atro- 
pine do not change TEOAEs (saturation). Evidence 
that atropine can influence TEOAEs in humans has 
been reported by Quaranta and Salonna? in a study 
of 10 normal hearing ears in which postatropine 
results exhibited a statistically significant reduction 
of =10 dB ofthe TEOAE detection threshold in seven 
subjects, and in two subjects a reduction of the 
TEOAE saturation thresholds was observed. Our 
study could not reproduce these results, possibly 


because the measurements were performed in satura- 
tion of TEOAEs, whereas Quaranta and Salonna“3 
measured the TEOAEs using SPLs not driving the 
TEOAESs into saturation. In conclusion, our results 
indicate that besides some unexplained effects of GA 
on TEOAEs, stable recording of TEOAEs should be 
possible under sedation with the drugs reported in 
this study, at least at relatively high stimulation levels 
of about 75 to 80 dB SPL and when N20 as a narcotic 
gas is avoided. 
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1993 CONFERENCE ON IMPLANTABLE AUDITORY PROSTHESES 
The 1993 Conference on Implantable Auditory Prostheses will be held July 11-15, 1993, on the campus of Bryant College in 


Smithfield, Rhode Island. This is the sixth in a series of biennial research conferences originating with the 1983 Gordon Conference. 
The meeting will provide a forum for close interaction among scientists in all disciplines relating to the field of cochlear implants. For 
further information, contact Chris van den Honert, Division of Otolaryngology-Head & Neck Surgery, Box 3550, Duke University 
Medical Center, Durham, NC 27710; Telephone: (919) 684-6099, E-Mail: chx ? dukehrl.mc.duke.edu. 
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ANTIBODIES AGAINST A 30 KILODALTON COCHLEAR PROTEIN AND 
TYPE II AND IX COLLAGENS IN THE SERUM OF PATIENTS WITH 


INNER EAR DISEASES 
THOMAS JOLIAT, MD JEROME SEYER, PHD 
BLOOMFIELD HILLS, MICHIGAN MEMPHIS, TENNESSEE 
JOEL BERNSTEIN, MD MARC KRUG, PHD X. J. YE, MD 
BUFFALO, NEW YORK MEMPHIS, TENNESSEE MEMPHIS, TENNESSEE 
J. S. CHO, MD T. FUJIYOSHI, MD, PHD T. J. Yoo, MD, PHD 


SEOUL, SOUTH KOREA MEMPHIS, TENNESSEE MEMPHIS, TENNESSEE 

Collagen molecules are major extracellular matrix proteins involved in the development and support of delicate auditory sensory 
organs. Type II collagen is widely distributed within inner ear tissues, while type IX is found only within the labyrinthine membrane and 
dense fibers of the tectorial membrane. Antibody specific fortype II collagen has been shown to be elevated in some patients with hearing 
loss due to several presumably autoimmune illnesses (including Meniere's disease, otosclerosis, chronic progressive sensorineural hear- 
ing loss, and relapsing polychondritis). Purified human type II and IX collagens and an extract of human cochlear tissue were subjected 
to isolation by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose. The sera of 
21 patients with inner ear disease were examined for the presence of anticollagen and anticochlear antibodies; the sera were used to probe 
Western blots of purified human collagens II, IX, and XI, and cochlear protein extract with peroxidase-conjugated goat anti human 
polyvalent immunoglobulin as the second antibody. Anti-type II collagen antibodies were seen in 12 of 21 (57%) patients, while 13 of 
21 (62%) had anti-type IX antibodies detectable by Western blot. A previously unreported 30 kd (probably noncollagen) protein was 
found by SDS-PAGE of human cochlear tissue extracts, with 3 patients, all with Meniere's disease, having antibody activity to this protein 
detected by Western blot. Anti-type II and anti-type IX antibodies were found in a high percentage of patients with Meniere’s disease, 
otosclerosis, and strial atrophy. Six patients (29%), and all control patients, had no detectable antibodies to these proteins by our assay. 


KEY WORDS — antibody, cochlear protein, collagen, Western blot. 


INTRODUCTION lished observations, 1982), and otosclerosis, 19.1! 


Hearing loss is common. In many cases auditory 
dysfunction can be traced to a conductive defect that 
occurs with perforated tympanic membranes, otitis 
media, cholesteatoma, discontinuity of ossicles, and 
so on. Noncochlear sensorineural hearing losses can 
bedueto tumors, such as acoustic neuroma, or central 
nervous system lesions. While inner ear sensorineu- 
ral hearing loss can be due to processes whose cause 
is clearly understood, such as noise or drug-induced 
cochlear damage or presbycusis, there exist several 
forms of cochlear sensorineural hearing loss of which 
the cause and full pathogenesis have defied clear 


. definition. 


On the basis of animal and human studies, an 
underlying immune dysfunction is now thought to 
contribute in whole or in part to the pathogenesis of 
several of these previously ill-defined diseases, in- 
cluding sudden hearing loss,? Meniere's disease? 
chronic progressive sensorineural hearing loss 
(CPSNHL),>-? (also J. J. Shea and T. J. Yoo, unpub- 


Animal studies have associated laboratory inocu- 
lation of cochlear components with the development 
of autoantibodies, cochlear lesions, and sensorineu- 
ral hearing loss.!2-!4 Furthermore, experimental in- 
duction of CPSNHL has been produced by immuni- 
zation of animals with purified type II collagen, 
giving rise to specific anti-type II collagen antibod- 
ies and inner ear lesions histologically similar to 
those seen in CPSNHL and Meniere's disease.®,9.15,16 


In this study, then, we attempted to define in 
human sera the presence and character of anticollagen 
and anticochlear antibodies. Human cochlear protein 
was extracted and separated via gel electrophoresis 
and analyzed for immunoreactivity along with hu- 
man type II and IX collagens by Western blotting. 
Blots were probed with sera from 21 patients with 
various inner ear diseases. 


MATERIALS AND METHODS 
Patient Selection. Sera from 21 patients with vari- 
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TABLE 1. PATIENT DIAGNOSES 


Patient No. Diagnosis 

1 Meniere's disease 
2 Meniere's disease 
3 Idiopathic sensorineural hearing loss 
4 Bell's palsy 
5 Idiopathic sensorineural hearing loss 
6 Cochlear contusion 
7 Sudden deafness 
8 Meniere's disease 
9 Strial atrophy 

10 Strial atrophy 

11 Meniere's disease 

12 Otosclerosis 

13 Meniere's disease 

14 Otosclerosis 

15 Sudden deafness 

16 Otosclerosis 

17 Vestibular neuritis 

18 Meniere's disease 

19 Otosclerosis 

20 Vestibular neuritis 

21 Vestibular neuritis 

22 (Control) 

23 (Control) 

24 (Control) 

25 (Control) 


ous inner ear diseases were supplied courtesy of Drs 
J. Bernstein and J. S. Cho. Patient diagnoses are 
presented in Table 1. Six patients had Meniere’s 
disease, while 4 patients each had otosclerosis and 
sudden deafness or idiopathic sensorineural hearing 
loss. Two patients had strial atrophy (presbycusis) 
and 3 had vestibular neuritis. One patient had Bell’s 
palsy and another a cochlear contusion. Four normal 
control subjects were included in this study. 


Preparation of Cochlear Tissue. Human cochlear 
tissues used in these experiments were obtained from 
living patients undergoing inner ear microsurgical 
dissection. Specimens were stored frozen in phos- 
phate-buffered saline (courtesy Drs G. Gardner and 
D. Brackmann). The tissue was cleaned, teased apart, 
homogenized in several milliliters of distilled water, 
and vortexed. The resultant suspension was centri- 
fuged at 7,000 rpm for 10 minutes and the supernatant 
was decanted and frozen. This procedure was re- 
peated three times. The residues were then each 
suspended in 500 uL of alysis buffer (0.5% NONIDET 
P-40 octylphenoxypolyethoxyethanol, 1 mmol/L 
iodoacetamide, 0.2% aprotinin, and 2 ug soybean 
trypsin inhibitor in 100 mL 0.05 mol/L Tris), vortexed, 
and centrifuged, and the supernatant was decanted. 
This procedure was repeated twice. The residues 
were then washed again three times with distilled 
water. Finally, the residues were resuspended in 
water and subjected to sonication (Branson Sonifier 


450) for 10 minutes, vortexed, and centrifuged, and 
the supernatant was decanted and frozen. This proce- 
dure was repeated twice. All supernatants were com- 
bined, filtered (0.22-um Millipore filter), and stored 
frozen. At no time were the samples subjected to 
proteolytic degradation. Finally, supernatants were 
lyophilized and desalted by Centricon filtration, and 
the protein extract was stored at -70°C. 


Gel Electrophoresis. Electrophoresis was per- 
formed in a Mini-Protean (Bio-Rad) apparatus utiliz- 
ing a 6% polyacrylamide sodium dodecyl sulfate 
(SDS) gel. After meticulous washing of electro- 
phoresis plates the apparatus was assembled. Six 
percent SDS-polyacrylamide gel electrophoresis 
(PAGE) running gel (3.75 mL stock acrylamide 
[30% + 0.8% Bis], 10 mL high-performance liquid 
chromatography [HPLC]-grade water [H2O], 4.7 
mL 2x running gel, and 275 uL 10% 2x SDS, pH 8.3) 
was polymerized with 250 uL of 1% ammonium 
persulfate and 18.75 uL tetramethylethylenediamine 
and infused into the apparatus. 


Water-saturated butanol was layered on top of the 
running gel to promote a smooth interface. Polymer- 
ization was allowed to occur and the butanol was 
removed. Then a 4% stacking gel (1.3 mL stock 
acrylamide, 5.4 mL HPLC-grade H20, 2.5 mL 2x 
stacking gel buffer [0.5 mol/L Tris, 0.496 SDS pH 
6.8]) polymerized with 5 uL N, N, N', N'-tetramethyl- 
ethylenediamine and 75 uL ammonium persulfate 
was infused on top of the solidified running gel. A 10- 
well minigel “comb” was then inserted and the gel 
was allowed to polymerize. 


Small amounts of purified, lyophilized human 
collagens type II and type IX, a mixture containing 
types II, IX, and XI,!7 and cochlear extract were each 
suspended in 50 uL HPLC-grade H20 to which was 
added 50 uL of sample buffer (containing 2% SDS, 
5% 2-mercaptoethanol, 10% glycerol, and 0.001% 
bromphenol blue in a 0.0625 mol/L Tris buffer; pH 
6.8). The resulting solution was then heated 3 min- 
utes at 100°C (Thermodyne Dri-Bath) and 5- to 15- 
uL aliquots were micropipetted into respective lanes 
of the minigel. To some of the initial minigels were 
added purified bovine serum albumin and ovalbumin 
as known-molecular weight standards. 


The constructed minigel apparatus was placed in 
the Mini-Protean chamber filled with electrode buffer 
(14.4 g/L glycine, 3.03 g/L Tris, and 1.0 g/L SDS in 
distilled water; pH 8.8) and subjected to a 50-mA- 
per-gel current until the dye front was 1.5 cm above 
the bottom of the plates (generally about 2 hours). 
Separated proteins were then stained with Coomassie 
brilliant blue (R-250) and destained with 10% metha- 
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---BSA (66kd) 


Six percent polyacrylamide-sodium dodecyl 
sulfate gel. Lane 1 — lyophilized human type II 
collagen (molecular weight [MW] 95 kd), lane 
2 — type IX collagen (MW 100 kd), lane 3 — 
lyophilized mixture of human type II, IX, and 
XI collagens, lane 4 — extracted human coch- 
lear protein (MW approximately 30 kd), lane 
5 — bovine serum albumin (BSA; MW 66 kd) 
and ovalbumin (45 kd). See text for details. 


2-----OVALBUMIN (45kd) 


COCHLEAR PROTEIN------- > 
EXTRACT (30kd) 


nol and 7% acetic acid in distilled H2O or transferred 
immediately to nitrocellulose membranes. 


Transfer of Proteins to Nitrocellulose Membranes. 
Electrophoresed protein gels were placed on wetted 
filter paper and each was overlaid with a closely 
fitting precut and prewetted sheet of nitrocellulose 
(Schleicher & Schuell Co, Keene, NH). Another 
piece of prewetted filter paper was placed on the 
nitrocellulose and the air bubbles were removed. This 
was sandwiched into the transblot support apparatus 
(Bio-Rad) and the support was placed in the 
electroblotting chamber (Bio-Rad Trans Blot Cell). 
The tank was filled with fresh transblot buffer (300 
mL 0.1 mol/L 3-(cyclohexylamino)-1-propane sul- 
fonic acid, 300 mL isopropyl alcohol, 2,400 mL 
HPLC-grade H20; pH was adjusted to 11.0 with 1N 
sodium hydroxide) and subjected to 450 mA current 
(limit 600 mA) for 6 hours, during which active 
cooling of the buffer occurred. After transfer, several 
membranes were then stained with Amido black to 
ensure successful transfer, while others were placed 
in sealed plastic bags containing washing buffer 
(6.06 g/L Tris, 8.77 g/L sodium chloride, and dis- 
tilled H2O0 to 11, adjusted with 12N hydrochloric acid 
to pH 7.5) with 0.05% Tween 20, and kept refriger- 
ated until used for Western blot analysis. 


Western Blotting. Each blotted membrane was 
washed with washing buffer. Nonspecific antibody 
binding was blocked by adding 2 to 3 mL of 100% 
goat serum and rocking at room temperature for 1 
hour. The washed transblot paper was then sealed in 
aplastic bag with 10 mL of washing buffer containing 


25% normal goal serum and patient serum in a 1:50 
dilution. The paper was incubated overnight with the 
first antibody at 4°C on a rocker. 


The paper was then washed four times, each with 
30 to 40 mL of washing buffer, for 15 minutes on a 
rocker. The paper was then reacted with a peroxidase- 
conjugated goat anti human polyvalent immuno- 
globulin (Sigma Chemical Co, St Louis, Mo) for 2 
hours at room temperature (1:1,000 goat anti-immu- 
noglobulin antibody) in washing buffer containing 
1% normal goat serum.!? The washed paper was then 
stained in sealed bags with substrate (containing 50 
mL washing buffer, 30 mg 4-chloro-1-naphthol in 10 
mL methanol, and 30 uL 30% hydrogen peroxide) 
for 1 hour at room temperature. 


RESULTS 


The SDS-PAGE of the various collagens, cochlear 
extract, and known-molecular weight standards 
yielded the patterns illustrated in the Figure. Lane 1, 
aliquoted with 10 uL of type II collagen, discloses a 
sharply defined band, corresponding to the a1 (II) 
chain of type II collagen at approximately 95 kd. 
Similarly, lane 2, with 10 uL of type IX collagen, 
displays a single band corresponding to the high- 
molecular weight (HMW) complex of type IX colla- 
gen at approximately 100 kd. Lane 3, containing a 10- 
uL aliquot of a lyophilized mixture of type II, IX, and 
XI collagens, displays five bands corresponding to 
the a1 (II) and HMW chains of type II and IX 
collagens, respectively, and three additional bands 
corresponding to the al (XI), a2 (XI), and a3 (XI) 
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TABLE 2. WESTERN BLOT RESULTS OF TYPE Il AND 
IX COLLAGENS AND COCHLEAR PROTEIN PROBED 
WITH SERA FROM PATIENTS WITH VARIOUS INNER 


EAR DISEASES 
Inner Ear Pt Type Type Cochlear 
Disease No. il IX Protein 
Meniere's 
disease 1 ++ + + 
2 - + - 
8 ++ - + 
11 - - - 
13 + ++ + 
18 + ++ - 
Otosclerosis 12 + + - 
14 + ++ - 
16 + ++ - 
19 - - - 
Strial 
atrophy 9 ++ ++ - 
10 ++ ++ - 
Idiopathic SNHL 
or sudden 
deafness 3 € = 2 
5 = 2 E 
7 = = 
15 + ~ - 
Vestibular 
neuritis 17 - ++ - 
20 + ++ 
21 - * 
Bell's palsy 4 - - - 
Cochlear 
contusion 6 ++ ++ - 
Controls 22 - - 
23 x: - 
24 z ee = 
25 i M - 
Totals 12/2 13/21 3/21 


(57%) (62%) (14%) 
SNHL — sensorineural hearing loss, ++ indicates strong antibody 
binding on Western blot, + indicates moderate antibody binding on 
Western blot, — indicates no discernible binding on Western blot. 


chains of type XI collagen. It can be seen that a3 (XI) 
comigrates with a1 (IT), and a1 (XI) migrates slightly 
faster than the HMW complex of type IX collagen. 
The position of a2 (XI), clearly seen, is equidistant 
between al (XI) and a3 (XI).These patterns are in 
accordance with previously published results.! In 
some gels in lanes 2 and 3, a faint band was found at 
approximately 55 kd. This corresponds to a low— 
molecular weight (LMW) fragment of type IX colla- 
gen present under reducing conditions (data not 
shown). Lane 4 contains a 15-uL aliquot of cochlear 
protein extract. A faint band stained with Coomassie 
blue, running at approximately 30 kd, can be dis- 
cerned. Finally, in lane 5 can be seen bands corre- 
sponding to bovine serum albumin (66 kd) and ovalbu- 


min (45 kd), used as known-molecular weight stan- 
dards. 


Results of Western blotting procedures are pre- 
sented in Table 2, which categorizes results accord- 
ing to disease diagnosis. Western blotting data from 
six patients with Meniere's disease are presented. 
Antibodies against type II collagen were detected in 
the sera of four patients (66%), while anti-type IX 
antibodies were found also in four patients (66%). 
Three patients (50%) had both anti—type II and anti- 
type IX antibodies detected in their sera, while one 
patient (patient 11) had no detectable antibody activ- 
ity against these proteins. Three patients (5096) had 
positive Western blot results with the 30 kd extracted 
cochlear protein. Three of the four patients (75%) 
with otosclerosis had detectable antibody activity 
against both type II and type IX collagens. One 
patient failed to react to these proteins, and no patient 
had discernible activity against the 30 kd cochlear 
protein by our assay. Both patients with strial atrophy 
exhibited very strong activity against both type II and 
typeIX collagens, but no detectable antibody activity 
against the extracted cochlear protein was seen. There 
were four patients with sudden or idiopathic sensori- 
neural hearing loss. Only one patient (patient 15) 
demonstrated weak antibody activity against type II 
collagen. All patients failed to show detectable anti- 
body activity. against type IX collagen and the 30 kd 
cochlear protein. Three patients had the diagnosis of 
vestibular neuritis. One patient (patient 20) demon- 
strated weak antibody activity against type II colla- 
gen, while all three patients showed detectable anti- 
body activity against type IX collagen. None of the 
three patients elicited any antibody activity against 
the cochlear protein. Table 2 also presents Western 
blot results from patient 4, with Bell’s palsy, patient 
6, with a history of a previous contusion to the head 
involving the inner ear structures, and four healthy 
control subjects. No patient had any discernible anti- 
body activity against cochlear protein. Patient 6, 
solely, demonstrated activity against type II and IX 
collagens. 


Overall, it can be seen that 12 of 21 (5796) of 
patients with various inner ear diseases had serum 
antibodies specific for type II collagen, while 13 of 21 
(62%) had antibody activity specific for type IX 
collagen. Three of 21 (1496) patients had detectable 
antibody activity against the extracted 30 kd cochlear 
protein, with this antibody specificity found only in 
patients with Meniere's disease. 


DISCUSSION 


The etiopathogenetic mechanisms of several inner 
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ear diseases associated with hearing loss, including 
idiopathic bilateral Meniere's disease, otosclerosis, 
and CPSNHL, have yet to be fully defined. The 
weight of recent evidence strongly implicates immu- 
nologic and/or chronic inflammatory processes as 
contributing to the pathogenesis of these illnesses. 


Itis hypothesized that some inciting event, perhaps 
a viral infection and/or its resultant inflammation, 
induces alteration, denaturation, substituted chemi- 
cal modification (haptenization), or increased expo- 
sure of native and/or “sequestered” proteins. !2 Simi- 
larly, immune complexes, associated with certain 
rheumatic diseases, bacterial and viral infections, 
and tumor antigens, could be deposited within the 
stria vascularis (a structure similar to the renal glo- 
merulus) and invoke a local inflammatory response 
that denatures or exposes native proteins.!9:2° Such 
proteins would then be taken up by local and recruited 
antigen-presenting cells (B cells and macro- 
phages)?1-2 and transported to the endolymphatic 
sac,4-26 where endosomally degraded peptides would 
be presented,?728 in the context of major histocom- 
patibility complex (MHC) molecules,??30 to resident 
T lymphocytes. If at this point the patient was of a 
genetic constitution such that the peptide MHC was 
recognized as nonself (ie, tolerance did not exist), 
specific T cell clonal expansion, homing, and cyto- 
kine release would occur with the induction of an 
autoimmune response giving rise to specific 
(auto)antibody formation, complement cascade acti- 
vation, inflammatory cell recruitment, mediator re- 
lease, and, ultimately, tissue damage. 


Immunologic tissue damage, if localized to the 
endolymphatic duct, would result in decreased endo- 
lymphatic fluid resorption and subsequent volume 
increase. Thisinturn would give rise to distortion and 
periodic rupture of the membranous labyrinth with 
contamination of perilymphatic fluid, causing the 
repeated episodes of vertigo and fluctuating hearing 
loss characteristic of Meniere's disease. Similarly, 
specific immunologic damage to cartilaginous com- 
ponents of the auditory ossicles and otic capsule 
would produce the otospongiotic lesions and clinical 
findings of otosclerosis. Finally, autoimmune-medi- 
ated damage to the connective tissue framework 
supporting the transducing hair cells would result in 
their collateral damage, with subsequent hearing loss. 


Type II collagen, found only in avascular compart- 
ments (an immunologically “privileged” site),3132 
exists within the subepithelial layer of the endolym- 
phatic duct, as well as within the enchondral layer of 
the otic capsule, macular utricle and saccule, and 
ampullary crista.!® Type IX collagen is less abundant 
and is located within the labyrinthine membranes, as 


well as within the dense fibers of the tectorial mem- 
brane.3 These large, immunogenic, but “seques- 
tered” proteins would serve as excellent targets of 
immune attack on inflammatory alteration or expo- 
sure. 


Indeed, exogenous administration of purified type 
II collagen to susceptible laboratory animals (with 
subsequent uptake and degradation by circulating 
antigen-presenting cells to approximate the inciting 
events listed above) has produced a tissue damage 
model histologically similar to that seen in Meniere's 
disease and otosclerosis. Specifically, spiral gangli- 
on degeneration, organ of Corti atrophy, spongifica- 
tion of the ossicles, disrupted vascular stria, exten- 
sion of Reissner’s membrane, surface epithelial atro- 
phy, and an exuberant mononuclear cell infiltrate are 
seen.?:!6 Additionally, immunofluorescence studies 
disclose deposition of type II collagen-specific im- 
munoglobulin G and complement along the endolym- 
phatic duct surface epithelium.!6 These changes co- 
incide in these animals with progressive hearing loss 
as measured by brain stem evoked potentials.9? It has 
been further discovered that cyanogen bromide cleav- 
age peptide 11 (CB-11) of type II collagen bears the 
epitope crucial for the induction of autoimmune inner 
ear disease in experimental animals. Administration 
of CB-11-specific monoclonal antibodies will pro- 
duce ear lesions histologically similar to those seen in 
relapsing polychondritis.?^ Support for the role of 
type ILantibodies in some inner ear diseases is further 
suggested by previous studies within this laboratory 
demonstrating significant (versus controls) eleva- 
tions of type II-specific antibodies in the serum of 
patients with Meniere’s disease and otosclerosis.?5 


The present studies extend these findings within 
the human system. We have found that a substantial 
overall percentage of patients with various inner ear 
diseases have autoantibodies specific for human type 
II (57%) or type IX (62%) collagen in their serum, 
detectable by a qualitative Western blot. Patients 
with Meniere's disease, otosclerosis, and strial atro- 
phy (inner ear disease with a hypothesized immuno- 
pathogenetic contribution) were found to most fre- 
quently demonstrate anticollagen antibody activity 
in our Western blot assay, while patients with idio- 
pathic or sudden hearing loss rarely did so. Further 
studies to determine the isotypes of these autoanti- 
bodies and to quantify these reactions with enzyme- 
linked immunosorbent assay are under way. 


R. A. Moscicki (unpublished observations, 1990) 
has similarly found that 60% of patients with CPSNHL 
have antibody activity against type II collagen or a 60 
kd protein isolated on SDS-PAGE. This 60 kd protein 
was thought to be a degradation product of type II 


Joliat et al, Autoantibodies in Inner Ear Disease 1005 


collagen, because absorption of positive sera with 
type II collagen eliminated subsequent antibody ac- 
tivity against the 60 kd protein. 


We have discerned a 30 kd protein band on gel 
electrophoresis of human cochlear tissue extracts. 
We do not believe this band represents a collagen 
fragment, as preparation of this tissue did not include 
pepsinization, and steps were taken to inhibit lysoso- 
mal proteolytic degradation. Furthermore, this pro- 
tein migrated consistently faster than did the LMW 
fragment of type IX collagen. It is of great potential 
interest that three patients (50% of all patients with 
Meniere's disease in our study) had antibody binding 
to this protein as detected by Western blot; but after 
careful consideration of the patients' physical condi- 
tion and clinical course, we could not draw any 
conclusions regarding the character of this protein or 
its role in Meniere's disease. Further studies to ad- 
dress these issues are under way. 


The initial stimuli for the development of type II 
and IX collagen-specific immune responses leading 
to the production of autoantibodies seen in these 
diseases are a matter of speculation. It must ulti- 
mately result in the trimolecular interaction of 1) 
peptide 6 through 12 amino acids in length derived 
from endosomally processed collagen ("T cell epi- 
topes”), 2) host MHC molecules, and 3) the T cell 
receptor. Implied in this is the importance of host 
MHC molecules. Indeed, the presence of human 
leukocyte antigen (HLA) DR3 (a class IT MHC mol- 
ecule) has been shown to increase the risk of develop- 
ing inner ear diseases, including Meniere’s disease, 


otosclerosis, and strial presbycusis. This risk is fur- 
ther heightened by the association of certain class I 
MHC molecules (A1 and B8) with HLA-DR3.36 Also 
of paramount importance is the nature of the specifi- 
cally reacting T cell receptor. Thus far, there is strong 
suggestion that there is restricted usage of VB gene 
(T-cell B-chain variable region gene) subsets in ani- 
mal models of type II collagen-induced arthritis (T. 
J. Yooet al, unpublished observations). Similar stud- 
ies of T cell receptor gene restriction with respect to 
collagen-induced ear diseases are presently under 
way in our laboratory. 


Previous animal studies strongly suggest that col- 
lagen-specific antibodies play a key role in the patho- 
genesis of tissue damage in some inner ear diseases. 
This study extends support for that notion within the 
human system, but practical difficulties in obtaining 
serial tissue biopsy specimens make similar studies 
in humans untenable. It cannot, therefore, be rigor- 
ously concluded on the basis of this or previous 
studies whether or not the type II and IX collagen- 
or cochlear protein-specific antibodies associated 
with these diseases are of critical importance to their 
pathogenesis or merely an epiphenomenon. Several 
studies have now demonstrated that remission of 
disease activity can be accomplished with intensive 
immunosuppressive therapy?91..17 (also J. J. Shea 
and T. J. Yoo, unpublished observations, 1982), indi- 
cating that while the exact nature of the immune 
defect(s) escapes us, (auto)immune inflammatory 
processes clearly contribute to the pathogenesis of 
these diseases. 
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SPONTANEOUS REMISSION IN EXPERIMENTAL AUTOIMMUNE 
LABYRINTHITIS 


SHIGEHARU YAMANOBE, MD 
TOKYO, JAPAN 


JEFFREY P. HARRIS, MD, PHD 
SAN DIEGO, CALIFORNIA 


Weinvestigated the time course of hearing impairment and cellular infiltration into the inner ear after systemic sensitization of guinea 
pigs with a single intradermal injection of bovine inner ear antigen (IEAg) in complete Freund’s adjuvant (CFA). Lymphocytes and 
polymorphonucleocytes appeared mainly in the scala tympani on days 7 to 14, and in addition there was thickening and cellular 
infiltration of the round window membrane at day 14. These cellular infiltrations resolved after day 28. The auditory brain stem response 
thresholds from IEAg-sensitized animals were significantly elevated after day 7. Some sensitized animals (n = 5) had spontaneous 
remissions after day 28; however, the hearing thresholds did not completely recover. These results demonstrate that experimental 
autoimmune labyrinthitis can be induced by a single inoculation of IEAg-CFA and that remission, as evidenced by clearing of the cochlear 
cellular infiltration and improved hearing thresholds, can occur spontaneously. 


KEY WORDS — autoimmune disease, deafness, inner ear, labyrinthitis, remission. 


INTRODUCTION 


Numerous experimental models of autoimmunity 
have been established to enhance our understanding 
of the underlying mechanisms and potential therapies 
of clinical autoimmune diseases. Examples of these 


models include experimental allergic encephalomye- 


litis (EAE), experimental allergic thyroiditis, experi- 


mental allergic neuritis, experimental myasthenia - 


gravis, experimental arthritis, and experimental glo- 
merulonephritis. 


The sensitization protocols employed to establish 
these experimental autoimmune models often differ 
considerably, since the major manifestations of auto- 
immunity may be due to several different immuno- 
pathologic responses in the host, including delayed- 
type hypersensitivity, antibody-dependent cell-me- 
diated cytotoxicity, immune complex disease, and so 
on. For example, EAE, a well-established animal 
model of autoimmune disease, is primarily the result 
of delayed-type hypersensitivity. Since 1947, EAEin 
most experimental animals has been regularly in- 
duced by a single injection of central nervous system 
(CNS) tissue or antigenic proteins (eg, myelin basic 
protein) emulsified with complete Freund’s adjuvant 
(CFA).13 This has resulted in EAE models in 
mice,* rats,’ guinea pigs,®? rabbits, !9.!! hamsters, !2 


and monkeys,!? which may undergo remission and 
relapse. In EAE, for instance, repeated boosts of 
antigen in incomplete Freund’s adjuvant have not 
enhanced severity of encephalomyelitis, but rather 
caused suppression of the disease!4 and have been, in 
fact, employed clinically in the treatment of multiple 
sclerosis patients.1516 It has since become clear that 
repeated antigenic immunizations brought on sup- 
pression in EAE due to the induction of tolerance 
through suppressor T cells. Thus, if the autoimmune 
disease is primarily caused by cellular immunity, 
boosting with antigen may blunt the severity of the 
disease. 


Many of the characteristics of immunity that are 
operative in the CNS appear, not surprisingly, to be 
similar for the inner ear, since it is an extension of the 
CNS. The concept of sequestered antigens isolated 
from systemic immunity by the blood-brain barrier 
has been extended to the inner ear through the recog- 
nition of ablood-labyrinth barrier, which in great part 
shields the inner ear from humoral immunity!7:!8 and 


raises the question of whether cellular immunity 


plays a dominant role. 


One of the distinctive features of both clinical (eg, 
multiple sclerosis) and experimental (eg, EAE) auto- 
immune conditions is the propensity for spontaneous 
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Fig 1. Experimental paradigm. 
IEAg — inner ear antigen, 
CFA — complete Freund's adju- 
vant, ABR — auditory brain stem 
response. 
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remissions and subsequent relapses. In the CNS of 
EAE animals, cellular infiltration is commonly seen 
2 weeks following a single inoculation of antigen, 
with subsequent spontaneous disappearance.? Simi- 
larly, in patients with autoimmune inner ear disease, 
remission and relapse have been observed as part of 
their clinical picture. 


In order to better define the spontaneous cause of 
experimental autoimmune labyrinthitis (EAL), we 
examined the histologic and physiologic events fol- 
lowing a single injection of inner ear antigen in the 
guinea pig, a model previously shown to result in 
experimental autoimmune sensorineural hearing loss 
following serial antigenic immunizations.!9 


MATERIALS AND METHODS 


Animals. A total of 30 female strain 13 guinea pigs 
weighing approximately 200 to 300 g and obtained 
from Charles River Breeding Farms, Wilmington, 
Mass, were used in this experiment. For all experi- 
mental procedures, each guinea pig was deeply anes- 
thetized with a combination of sodium pentobarbi- 
tal (Nembutal, 30 mg/kg) and fentanyl-droperidol 
(Innovar-Vet, 0.3 mL/kg). 


Antigen, Fresh bovine temporal bones were ob- 
tained from an abattoir, frozen within 1 hour of 
harvesting at -20°C, and stored until dissection. 
After thawing at room temperature, the cochlear and 
vestibular membranous labyrinthine tissues were dis- 
sected from the temporal bones in approximately 20 
minutes’ time under microscopy, with care taken not 
to include bone dust or nonrelated tissues. The tissues 
were placed in chilled phosphate-buffered saline 
with aprotinin, phenylmethanesulfonyl fluoride, and 
ethylenediaminetetraacetic acid and kept frozen at 
~70°C until used. The tissues were then thawed at 
room temperature, teased apart, homogenized, and 
sonicated in 1% Triton X-100 in phosphate-buffered 


42 56 (DAYS) 


saline (PBS) and centrifuged at 2,500 rpm for 10 
minutes. The supernatant was used as crude inner ear 
antigen (IEAg) for use in immunization and enzyme- 
linked immunosorbent assay (ELISA) determina- 
tions. 


Immunization Protocols. At the outset of the ex- 
periment, guinea pigs were inoculated intracutane- 
ously in multiple sites in the nuchal area with 0.2 mL 
of an emulsion consisting of equal parts of bovine 
IEAg and CFA (100 ug/0.1 mL). Control animals 
were inoculated in the same way, with saline instead 
of IEAg and CFA. No further immunizations were 
performed. The immunization protocols are summa- 
rized in Fig 1. 


Immunoassay. Antibody levels to IEAg were de- 
termined by solid-phase ELISA. Micro-ELISA plates 
were coated with 100-wL volumes of IEAg at 2.5 ug/ 
mL in coating buffer, by overnight incubation at 4°C. 
Unbound antigen was removed by washing three 
times in PBS containing 0.05% Tween 20 (PBS- 
T20). One hundred microliters of 3% gelatin was 
added to each well and incubated for 1 hour at room 
temperature. Diluted sample serum, containing 1% 
gelatin buffer containing 0.05% Tween 20, was added 
to each well for 2 hours at 37°C. Negative controls 
consisted of normal guinea pig sera or guinea pig sera 
injected with CFA only. Washing was repeated with 
PBS-T20, and bound antibody detected by incubat- 
ing for 1 hour at 37°C with 100-uL volumes of a 
1/5,000 dilution of horseradish peroxidase-conju- 
gated rabbit anti guinea pig immunoglobulins in 1% 
gelatin buffer containing 0.05% Tween 20. After 
washing in PBS-T20 three times, 100 uL of the en- 
zyme substrate (10 mg o-phenylenediamine, 10 uL 
of 30% hydrogen peroxide in 25 mL citrate phos- 
phate buffer) was added and incubated in the dark. 
Thirty minutes later, the reaction was stopped with 
2N sulfuric acid, and the intensity of color change 
was observed. The plates were read on a Micro- 
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Fig 2. Auditory threshold shifts over time, measured by 
auditory brain stem response. SPL —- sound pressure 
level. 


ELISA reader (Dynatech Diagnostic, Inc, South Wind- 
ham, Me) with a 492-nm filter. 


Auditory Evoked Brain Stem Response. Hearing 
was measured by auditory evoked brain stem re- 
sponse (ABR) using platinum subdermal needle elec- 
trodes without opening the tympanic bulla on days 0, 
7, 14, 21, 28, 42, and 56 after sensitization. In brief, 
after sedation, the animal was placed in a double- 
walled booth. Grass needle electrodes (Grass Instru- 
ment Co, Quincy, Mass) were placed subdermally in 
the scalp midline (noninverting), posterior to the 
stimulated ear (inverting), and the midline of the 
abdomen (common). Bioelectric activity was ampli- 
fied and filtered from 100 to 3,000 Hz with a Princeton 
Applied Research model 113DC-AC preamplifier 
and input to a Hewlett-Packard model 3561A wave 
analyzer. The ABRs were obtained by averaging the 
electroencephalogram to 256 stimulus preparations. 
Each ABR represented a time window of 16 millisec- 
onds, obtained with a sampling frequency of 50 kHz. 
Clicks for stimulation were 100-microsecond electri- 
cal pulses produced by a Grass S88 stimulator. Clicks 
were presented at 3/s and routed through an attenua- 
torto a Beyer DT 48 (2000) earphone. Click stimulus 
was presented initially at 50 dB sound pressure level 









v O=" control 


mee IEAg-injected* 


20 


Auditory Threshold Shift (dBSPL) 





2 3 4 6 
Time Course (wks) 
Fig 3. Comparison of ABR thresholds for contro] animals 
(16 ears) and IEAg-sensitized animals (16 ears) for 4 or 8 
weeks following sensitization. * — IEAg-sensitized group 
differed significantly from controls (p « .001, two-way 
analysis of variance). 


(SPL), decreased in level by 10 dB while the response 
was observed clearly, and then decreased in 5-dB 
decrements until no response was observed. Thresh- 
old was defined as the lowest level at which a re- 
sponse was observed. At the threshold and 5 dB 
below the threshold, two sequences of recordings 
were obtained at each stimulus level and double- 
traced on a plotter so as to ensure reproducibility. The 
latency and amplitude of each wave were disregarded 
in this study; such factors would be influenced by 
variations in head size and differences in the elec- 
trode position in each measurement of ABR. Differ- 
ences between group means of ABR thresholds were 
tested for significance (p < .05) by a computerized 
two-factor analysis of variance. 


Histology. After we measured auditory thresholds 
and obtained sera for determination of antibody lev- 
els on the terminal day, the animals were killed 
painlessly by intracardiac perfusion with 5% parafor- 
maldehyde in 0.1 mol/L sodium phosphate buffer, 
and the temporal bones were immediately removed 
and stored in cold fixative overnight, decalcified in 
phosphate-buffered 8% ethylenediaminetetraacetic 


TIME COURSE OF HISTOLOGIC CHANGES WITHIN INNER EAR FOLLOWING SENSITIZATION 
WITH 


INNER EAR ANTIGEN 
Cellular Loss of Macrophage PMN Cellular 
Days After Infiltration Spiral Increase Infiltration Infiltration 
Immunization in Cochlea Ganglion Cells in ES in ES in RWM* 
7 3/6 0/6 3/6 0/6 0/6 
10 2/6 0/6 3/5 0/5 2/6t 
14 4/8 2/8 4/8 1/8 0/8 
28 0/8 2/8 3/7 2/7 (0/8 
56 (/8 4/8 4/7 2/7 0/8 


Data are numbers of affected ears per total ears. 


ES — endolymphatic sac, PMN — polymorphonucleocyte, RWM — round window membrane, 


*This occurred without evidence of middle ear infection. 
tControl animals failed to show RWM changes (n = 4). 
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Fig 4. Section of cochlea from IEAg-sensitized guinea pig (H & E; day 14). A) Lymphocytes and polymorpho- 
nucleocytes are seen in scala tympani. B) Higher magnification (original x400) of boxed area in A. 


acid, embedded in paraffin, and examined histologi- 
cally with hematoxylin and eosin staining. 


RESULTS 


Hearing Threshold Changes. The hearing thresh- 
old shifts in all guinea pigs sensitized with IEAg at 
various time points are presented in Fig 2. The mean 
ABR threshold level of all guinea pigs before sensi- 
tization was 31.0 dB SPL in the IEAg-sensitized 
group (+5.9 SD) and 31.5 dB SPL in the control group 
(+4.5 SD). The ABR thresholds from IEA g-sensi- 
tized animals were elevated relative to control ani- 
mals after day 7, and were greatest at day 14. The 
mean ABR threshold shift at day 14 was 9.7 dB SPL 
in the IEAg-sensitized group (+6.4 SD). Some ani- 
mals (n = 5) sensitized with IEAg had spontaneous 
remissions after day 28; however, the hearing thresh- 
olds never completely recovered. Fifty percent of the 
animals sensitized with IEAg had bilateral hearing 
losses, and 25% of the animals had unilateral hearing 
losses with elevated thresholds 10 dB or greater 
above the presensitization thresholds. 


Long-term survivors were examined at 4 or 8 
weeks after sensitization, and the IEAg-sensitized 
group (n = 8) showed significant increases in ABR 


thresholds compared to the control group (n = 8; Fig 
3, two-factor analysis of variance, p < .001). 


Histology. Guinea pigs were painlessly killed on 
days 7, 10, 14, 28, and 56 after sensitization as 
described above. The histologic results are shown in 
the Table. Control guinea pig temporal bones, exam- 
ined at days 14, 28, and 56 after sensitization, were 
unremarkable except for a few lymphocytes and a 
moderate number of macrophages seen in the en- 
dolymphatic sac (ES) lumen. The experimental ani- 
mal temporal bones showed cellular infiltration in the 
inner ear. There were a moderate number of lympho- 
cytes and polymorphonucleocytes (PMNs) in the 
scala tympani on days 7 through 14 (Fig 4). In some, 
the cellular infiltration into the scala tympani was 
limited to the corner of the scala tympani in the basal 
turn of the cochlea, adjacent to the modiolus. Addi- 
tionally, there were increases of macrophages and 
PMNs in the ES lumen and in the perisaccular con- 
nective tissue by 7 days in almost all of the guinea 
pigs (Fig 5). Thickening and cellular infiltration of 
the round window membrane was seen at day 14 in 
two of the guinea pigs (Fig 6). Polymorphonucleocyte 
infiltration in the ES lumen and perisaccular space 
persisted in four animals 28 days following sensitiza- 
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Fig 5. Endolymphatic sac (ES) of IEAg- 
sensitized guinea pig (day 10). Increase 
in macrophages is seen in lumen. 


tion (Fig 7), while the cellular infiltration previously 
observed in the cochlea had disappeared. Several of 
the temporal bones showed scattered spiral ganglion 
cell degeneration, primarily located in the basal turn 
on days 14, 28, and 56 after sensitization. No hair cell 
loss was seen in any of the experimental animals. 


Antibody Levels to Inner Ear Antigen. Mean serum 
anti-IEAg levels measured on day 14 showed a small 
but significant increase in anti-IEAg for the IEAg- 
sensitized group compared with the control group. 
By day 28, as mentioned previously, the hearing had 
improved, yet the antibody levels to IEAg were at 
their highest point during the observation period (Fig 
8). 


DISCUSSION 


Beickert,” in 1961, first demonstrated EAL histo- 
logically, following sensitization of guinea pigs with 
isologous inner ear tissue. In 1964, Terayama and 
Sasaki?! confirmed the development of EAL with 
histologic findings and alterations in Preyer's reflex 
in guinea pigs. Harada et al?? demonstrated that 
endolymphatic hydrops could be produced by a type 
III allergic reaction. In these studies endolymphatic 
hydrops developed in guinea pigs following injec- 
tions of rabbit stria vascularis in CFA, yet endolym- 
phatic hydrops could not be produced in C4 comple- 
ment-deficient guinea pigs.?? In 1987, our laboratory 
demonstrated that sensitization of guinea pigs with 
bovine IEAg preparations in CFA induced an auto- 
immune labyrinthitis characterized by significant 
hearing loss, spiral ganglion cell degeneration, peri- 
vascular infiltration by plasma cells, edema, and 
hemorrhage.!? This study confirmed the develop- 
ment of EAL electrophysiologically and histologi- 
cally in guinea pigs and suggested the similarity of 





the experimental model to autoimmune sensorineu- 
ral hearing loss (SNHL) seen clinically.23:24 While 
delayed-type hypersensitivity was examined by per- 
forming lymphocyte transformation assays from 
spleen, lymph node, or peripheral blood lympho- 





Fig 6. Thickening and cellular infiltration of round win- 
dow membrane after IEAg sensitization (day 14). Poly- 
morphonucleocytes, lymphocytes, and red blood cells 
were observed in middle layer. ST — scala tympani, 
ME — middle ear. 
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cytes, the majority of animals failed to show a prolif- 
erative response. Antibody titers in the immunized 
animals were uniformly elevated. Subsequently, we 
reported the presence of an autoantibody to one of the 
inner ear antigenic epitopes, with a molecular weight 
of 68,000 d, which both the EAL animals and patients 
with autoimmune SNHL both exhibited by Western 
blot analysis and two-dimensional gel electrophore- 
sis.?? These studies and others26-29 have clearly es- 
tablished these models for the study of autoimmune 
deafness; however, the natural course of the experi- 
mental disease has not been adequately described 
with respect to remission and relapse, nor have the 
antigenic epitopes involved. 


In the present study, following a single IEAg 
inoculation, we have demonstrated cellular infiltra- 
tion in the cochlea, the ES, and the round window 
membrane in strain 13 guinea pigs. Previous investi- 


Fig 7. Section of endolymphatic sac after 
IEAg sensitization (day 56). A) Poly- 
morphonucleocytes predominate within 
sac lumen. B) Higher magnification 
(original x400) of boxed area in A. 


gators, using repeated immunization with antigen 
and incomplete Freund’ s adjuvant, have not observed 
cellular infiltration in the cochlea; this finding sug- 
gests that suppressor T cells may have been in- 
duced.*°.3! The induction of tolerance by this mecha- 
nism would also explain the lack of lymphocyte 
transformation reported in our previous study.1? Ex- 
amination of the temporal sequence of cellular infil- 
tration within the inner ears of these animals is 
revealing. Early on in the course, two major events 
have taken place in the inner ear: 1) PMNs and 
lymphocytes have infiltrated into the scala tympani 
and 2) macrophages, the predominant cell found 
normally in the ES, are present in increased numbers. 
As the disease evolves, four further events occur: 1) 
cellular infiltration of the scala tympani clears, 2) the 
PMN population increases within the ES, 3) spiral 
ganglion cell degeneration develops, and 4) sponta- 
neous remission of hearing loss occurs (in our study, 


o wr 
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Fig 8. Results of enzyme-linked immunosorbent assay for 
anti-IEAg antibody in IEAg-sensitized and control groups. 


at 28 days, but not back to normal thresholds, nor in 
all animals). These events suggest that an antigenic 
epitope within the inner ear has been targeted by the 
host's immune response, with subsequent mild in- 
flammation developing. Damage and perhaps further 
antigen processing in the ES occur before thereaction 
dissipates.3225 Whether spiral ganglion cells are a 
direct target of the immune response or whether they 
become injured secondarily is unknown. 


The cause of round window membrane thickening 
and its infiltration of inflammatory cells in the present 
model of EAL is unknown. Thickening and cellular 
infiltration of the round window membrane have 
been observed in animal models of suppurative otitis 
media,** otitis media with effusion,*> and experi- 
mental otitis secondary to endotoxin instillation into 
the tympanic cavity.ó Presumably, each of these 
causes has been the result of middle ear events 
irritating the round window membrane. Recently, 





however, Schuknecht?’ reported the temporal bone 
findings of a patient with progressive SNHL and 
systemic eosinophilia. This case of immune-medi- 
ated deafness was also associated with mononuclear 
cell infiltration and fibro-osseous organization in the 
region of the round window membrane in a fashion 
reminiscent of the animals seen in this study. Several 
mechanisms could be proposed for these findings: 1) 
the round window membrane might antigenically 
cross-react with bovine IEAg or the inciting antigen 
in autoimmune SNHL; 2) venous drainage through 
the vein of the round window might be impaired 
because of obstruction of the vein of the vestibular 
aqueduct?5; or 3) inflammatory cells may have mi- 
grated directly from the capillaries in the round 
window membrane out into the scala tympani, or left 
the systemic circulation via the closely associated 
vein in a manner previously reported for cells enter- 
ing the scala tympani through the spiral modiolar 
vein.?? | 


The hearing impairment in EAL measured by 
ABR was greatest 14 days following IEAg sensitiza- 
tion. These electrophysiologic results correlated well 
with the histologic findings of cellular infiltration in 
the cochlea. At 28 days some of these animals went 
into remission, yet their anti-IEA g levels were at their 
highest; this finding suggests that the hearing deficits 
seen in these animals may have been triggered by 


cellular and not by humoral immunity. Further inves- 


tigation of both the inciting antigen(s) and the cellu- 
lar and humoral responses to it are now required in 
order to better interpret the experimental as well as 
the clinical situation. 


Itisclear that while the inner ear js isolated, itis not 
animmune-privileged site. It can engage in and be the 
target of immunologic reactions. As in all immune- 
mediated disorders, cellular infiltration is one of the 
hallmarks of the response. Further research is needed 
to ascertain what role cellular immunity plays in this 
disorder clinically, and why tests of cellular immu- 
nity have not proven sensitive in the diagnosis of 
autoimmune SNHL up to now,!9:40,4! despite several 
reports to the contrary.42;3 
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SOFTWARE REVIEW 
COCHLEAR ANATOMY: A MACINTOSH TOUR 


Authors: Peter Santi and Eric Webster. 


Company: Intellimation, PO Box 1922, 130 Cremona Dr, Santa Barbara, CA 93166-1922; 


phone (800) 685-2100. 


Hardware requirements: Macintosh with 2 megabytes of RAM operating system, version 6.0 or greater. Hard 


disk drive recommended. 


Software requirements: Macintosh HyperCard System 1.2.2. 


Price: $55. 


This cochlear anatomy program is an outstanding 
example of the potential education application of 
computers. It deserves the highest possible rating and 
should be used by every otolaryngology resident 
during training, as well as by medical students and 
other health professionals working in the communi- 
cative disorders field. 


The program uses Macintosh’s HyperCard Sys- 
tem. This program is not available on IBM. The 
HyperCard System requires versions later than 1.25. 
HyperCard allows one to browse through a series of 
screens, much as one might look through index cards. 
Highlights can be placed on the screen by clicking a 
button so that part of the anatomy, magnified views, 
tonal sounds, or test questions can be brought up 
relating to a particular feature. The HyperCard Sys- 
tem is good for teaching anatomy because it is easy 
and enjoyable to use. 


There are several minor problems, however. First, 
the program runs in a black and white mode. It would 
be much more effective if it were a color program. 
Second, many of the on-screen buttons are turned on 
by simply moving the pointer over the button. This 
feature is unfamiliar to most Macintosh users, who 
are more accustomed to actually clicking the mouse 
over the button to make it work. In addition, despite 
the fact that the left side of the screen has a listing of 
the highlighted items, the location of each item is not 
readily apparent. Also, at times the left column indi- 
cates the next screen that is available to the user. 
Finally, the last criticism that I have is that the tone 
bursts, which are demonstrated in the last screen on 
the program, did not run properly. Only the very low- 
frequency tones could be appreciated with even the 
most updated version of the Macintosh. These are 
only minor problems with the overall program. 


The cochlear anatomy program is divided into 
three general sections: anatomy, histologic methods, 
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and sound basics. The anatomy section is the most 
elaborate, with screens that review nearly every de- 
tail of the cochlear anatomy. The user begins with an 
animal model; in fact, this program was developed as 
an alternative to the use of laboratory animals to teach 
cochlear anatomy and was funded by a grant for that 
purpose. After first visualizing the chinchilla itself, 
the user then has the opportunity to see the skull of the 
animal in the dorsal, lateral, and ventral views. Then 
the bulla of the temporal bone is opened, and the otic 
capsule is visualized. From there, a midmodiolar 
section through the cochlea is demonstrated. Some of 
the features of the midmodiolar section include the 
spiral ganglion, the vestibular membrane, the base- 
ment membrane, the vascularity of the stria vascularis, 
the spiral limbus, the tectorial membrane (Fig 1), 
Claudius’ cells, and the spiral prominence. There is a 
more close-up view of the organ of Corti, which 
clearly shows inner and outer hair cells, the pillar 
headplate, sulcus cells, etc. Each of these structures 
can then be more carefully investigated through addi- 
tional screens that highlight the important anatomic 
features of each. On completing the anatomy section, 
the user should have a complete grasp of the subject 
of cochlear anatomy. 


The second section reviews the histologic methods 
for preparing the otic capsule for study of the anatomy. 
This section has screens that show scanning electron 
microscopy of the inner and outer hair cells, as well 
as a section on the methods for adding chemicals, 
preparing slides, and staining the slides. Some of this 
information will not interest the otolaryngologist, but 
this section is short and many of these points are 
animated, so that it is not a tiresome task to make it 
through the section. 


The final section covers the concepts of sound 
basics, including the definition of sound, waveforms 
of sound, and demonstration of intensity and fre- 
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quency. There is a frequency place map at the co- 
chlea, which is demonstrated with tones and their 
various locations in the cochlea (Fig 2). There is a 
demonstration of the effects of sound cancellation 
and of beating sounds. There is also a very nice 
section regarding the use of different filters and their 
effects on sound quality. This information is intended 
to demonstrate some of the difficulties that patients 
with high- or low-frequency hearing loss experience. 
There is also an interesting demonstration of tinnitus. 
Following the completion of the sound basics sec- 
tion, the student should have the basic concept of a 
tone and how it is coded by the cochlea. 


Chinchilla 





Figure 1. 


Another interesting feature of the program is that 
there are accompanying questions built in. All of the 
questions are directed toward specific screens and 
specific anatomic structures. They help to complete 
the student's grasp ofthe cochlear anatomy and are an 
interesting part of the learning process. 


Finally, there is a very helpful manual that besides 
explaining how to set up and run the software and use 
the program, has a glossary of all of the concepts and 
structures identified in the program. There is an 
extensive list of references for additional study. I 
would recommend this program to every otolaryn- 
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gology resident, audiology student, and otology fel- when I was a resident. 


low, as it will simplify their acquisition of this crucial Es MITCHELL K. SCHWABER, MD 
knowledge. I wish this program had been available Nashville, Tennessee 
^ 


6TH INTERNATIONAL CONGRESS ON INTERVENTIONAL ULTRASOUND 


The 6th International Congress on Interventional Ultrasound will be held Sept 7-10, 1993, in Copenhagen, Denmark. For further 


information, contact Christian Noisse, Congress Secretary, Department of Ultrasound, Herley Hospital, University of Copenhagen, DK- 
2730 Herley, Denmark. 


R 


20TH INTERNATIONAL CONFERENCE ON COCHLEAR IMPLANTS 


The 20th International Conference on Cochlear Implants will be held June 23-25, 1993, at the Ritz-Carlton Hotel, San Francisco, 
California. For further information, contact University of California, Extended Programs in Medical Education, Room LS-105, San 
Francisco, CA 94143-0742; (415) 476-4251. 
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IMAGING CASE STUDY OF THE MONTH 


MASSIVE OSTEOLYSIS (GORHAM'S DISEASE) OF THE 
TEMPOROMANDIBULAR JOINT 


R. MARVIN FREEDY, MD 


BIRMINGHAM , ALABAMA 


Gorham’s disease, also known as massive osteolysis 
or vanishing bone disease, is seen in young adults, 
affecting the axial or appendicular skeleton. Various 
sites of involvement have been described, including 
the pelvic bones, shoulder girdle, clavicle, ribs, hands, 
feet, skull, spine, and mandible. The disease is of 
unknown cause and involves proliferation of vascu- 
lar fibrous tissue replacing normal bone. We now 
present an unusual case of massive osteolysis of the 
temporomandibular joint with tomographic, angio- 
graphic, and computed tomographic scan analysis, as 
well as clinical and pathologic correlation. 


CASE REPORT 


The patient is a 31-year-old man presenting at the 
Ochsner Clinic in the Department of Oral Surgery 
upon referral from a local dentist. He complained of 
preauricular pain over the left temporomandibular 
area for the last 2 years. There was no history of 
trauma and no history of arthritis. He had had no ear 
infections or facial injuries to the left side of the face. 
No medical treatment or other type of treatment had 
been instituted at his visit to the Department of Oral 
Surgery. Associated with his pain were occasional 
headaches. He had described, especially while chew- 
ing, a “wiggly jaw" and a "bone on bone” feeling. He 
noticed his jaw to be shifted more to the left; this trait 
was initially noted by his wife about 3 years prior to 
his visit. He described occasional ringing in the left 
ear, but hearing was normal. 


Clinical examination revealed a deformity on the 
left side of the face and deviation of the mandible to 
the left side. There was tenderness over the joint, and 
the external auditory canal was within normal limits. 
Muscles were tender over this region. Interincisal 
opening of 45 mm was present, with a right lateral 
deviation to 7 mm anda left lateral deviation to 7 mm. 


The radiographic examination included x-ray stud- 
ies done elsewhere (not shown) that revealed signifi- 
cant degenerative joint disease and loss of the normal 
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contour of the temporomandibular joint on the left. 
This appeared to involve both the condyle and the 
glenoid fossa. 


Initial pluridirectional tomograms of the left tem- 
poromandibular joint area showed an absence of a 
mandibular condyle and destruction of the glenoid 
fossa region and the middle cranial fossa floor (Fig 
1). In light of these findings, it was decided to 
undertake computed tomography (CT) of the base of 
the skull, which revealed similar findings plus ero- 
sion and destruction of the floor of the middle fossa 
back to and including the apex of the left petrous bone 
(Fig 2). This study was done with contrast, and no 
abnormal enhancement was noted. An arteriogram 
was then performed of the left carotid system, includ- 
ing separate internal and external carotid injections. 
This study revealed an avascular mass that caused 





Fig 1. Pluridirectional tomogram of left temporoman- 
dibular joint showing destruction of mandibular condyle 
and glenoid fossa region (arrow). 


From the Department of Radiology, Ochsner Clinic and Alton Ochsner Medical Foundation, New Orleans, Louisiana. 
REPRINTS — R. Marvin Freedy, MD, Dept of Radiology, University of Alabama-Birmingham, 619 S 19th St, Birmingham, AL 35233. 
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Fig 2. Computed tomograms of skull base with A) soft tissue and B) bone window settings showing destruction of left 





temporomandibular joint region and erosion of f loor of middle cranial fossa back to left petrous temporal bone (white arrows). 
Note normal right temporomandibular joint region (black arrow). 


stretching of the branches of the external carotid (Fig 
3A). There was no supply to this area from the inter- 
nal carotid (Fig 3B). 


This case is somewhat unusual in that the destruc- 
tive process and the focus of the tumor mass on the 
arteriogram were somewhat more lateral than one 
would expect with a glomus tumor, although this 
latter diagnosis was entertained as a possibility. In 
light of the radiographic findings, it was decided that 
a biopsy should be attempted. The lack of hypervas- 
cularity made this seem a reasonable approach. 


On the basis of the clinical and radiographic find- 
ings, a surgical approach for biopsy was undertaken 
in the left preauricular region. At biopsy, a large 
amount of venous bleeding was encountered, but an 
adequate specimen was obtained. 


Pathologically, the fragments of bone obtained 
from biopsy showed gaping, thin-walled, nonneo- 
plastic blood vessels, with some showing irregulari- 
ties of the walls of the type seen with arteriovenous 
malformations. This appeared to represent a nonneo- 
plastic angiomatosis of the temporal bone with areas 
of reactive endothelial cells. In light of the massive 
degree of osteolysis and the radiographic finding that 
the probable center of the process was the temporal 
bone, the lesion was diagnosed as Gorham's disease 
or massive osteolysis ofthe temporomandibular joint. 


DISCUSSION 


Gorham's disease! is distinctly uncommon and 
has no sex predilection, but occurs predominately in 


the third and fourth decades. It is characterized histo- 
logically by an abundance of thin-walled venous 
capillary-size blood vessels in bone with eventual 
complete replacement of bone by fibrous connective 
tissue, also containing an increased number of capil- 
laries. No cause for this disease has been determined, 
although a history of trauma is common and may 
trigger the process. Patients often present with weak- 
ness and limitation of movement, but not pain.? 


Skeletal involvementis nearly always monocentric, 
and adjacent bones are involved by direct spread. The 
proliferating thin-walled, endothelial-lined capillary 
or sinusoidal vascular channels are histologically 
benign, but may invade adjacent soft tissue with 
associated destruction. Chronic lesions may develop 
extensive fibrosis. Osteolysis of bone occurs in a 
progressive, regional manner, with the bone simply 
“melting away."? Radiographically, early changes of 
focal intramedullary and subcortical lucency resem- 
bling osteoporosis are seen. Subsequently, concen- 
tric reduction of the bone gives atapering appearance 
that resembles a “licked stick of candy."?^ Bony 
sclerosis is usually absent and fracture of an affected 
bone is often seen.? Severe cases may show complete 
dissolution of the involved bone on plain film radio- 
graphs. 


Disability from the precipitated skeletal abnormal- 
ity may be severe to incapacitating. The disease has 
an unpredictable course and may spontaneously ar- 
rest or progress relentlessly, with death occurring 
within 2 years. In those cases involving the chest 
wall, chylothorax has been reported as the lethal 
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Fig 3. Left carotid arteriograms. A) Left external carotid artery injection (anterior-posterior view) shows stretching of 
branches of external carotid artery with avascular mass (arrow). B) Left internal carotid artery injection (lateral view) 


shows no internal carotid artery branches to mass. 
event? 


Differential diagnostic considerations of Gorham's 
disease include skeletal angiomas, angiosarcomas, 
essential osteolysis, and hereditary osteolysis.?6 His- 
tologically, Gorham's disease is distinct from these 
entities in having vascular channels lined by a single 
layer of flattened epithelial cells.? 


Many different therapeutic regimens have been 
tried unsuccessfully in the treatment of Gorham's 
disease. These regimens have included estrogens, 
androgens, magnesium, calcium fluoride, adrenal 
extracts, ultraviolet irradiation, and ionized calcium. 
Radiotherapy has been shown to have limited suc- 
cess,’ as has surgery with bone replacement.? In our 


case, surgical debulking and packing was performed, 
with good healing of the soft tissues and no further 
bonedestruction identified 9 months postoperatively. 


A multiplicity of locations are affected by Gorham's 
disease, most frequently the shoulder girdle and hips. 
Mandibular involvement has been documented — 
but to our knowledge, no cases specific for the 
mandibular condyle articular surface and adjacent 
glenoid fossa. This case brings forth Gorham's dis- 
ease as an important clinical consideration in patients 
with symptoms referable to the temporomandibular 
joint, particularly if there is an antecedent history of 
trauma, and adjunct radiographic findings to support 
this diagnosis. 
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IMAGING CASE STUDY OF THE MONTH 


CYSTIC SQUAMOUS CELL CARCINOMA METASTATIC TO THE NECK 
| FROM OCCULT PRIMARY 


J. P. WENSEL, MD, PHD 
TUCSON, ARIZONA 


INTRODUCTION 


Magnetic resonance imaging (MRI), with its high 
tissue contrast and multiplanar capability, has been 
shown to be a valuable modality for the evaluation of 
head and neck neoplasms. Recently, gadolinium- 
diethylenetriamine pentaacetic acid (Gd-DTPA)- 
enhanced MRI has been shown to be very useful in 
theevaluation of head and neck tumors.! The addition 
of fat suppression to T1-weighted Gd-DTPA-en- 
hanced sequences often provides improved conspi- 
cuity and definition of both the primary and metastat- 
ic neoplasms.2? 


Patients who present with squamous cell carci- 
noma metastatic to cervical lymph nodes usually 
havea visible and/or palpable lesion on examination. 
Occasionally, no primary lesion can be found even 
with panendoscopy and blind biopsies of the naso- 
pharynx, tonsil, and tongue base. In most series, the 
nasopharynx is the most common source of the occult 
primary lesion; the tongue base, tonsil, pyriform 
simis, and skin represent less common sites of ori- 
gin.^ 


Rarely, the nodal metastasis will present as a cystic 
mass in the anterior cervical triangle near the angle of 


the mandible. If the otolaryngologic examination is ` 


negative, these cystic masses are often misdiagnosed 
as branchial cleft cysts and are excised only to reveal 
a cystic, necrotic squamous cell carcinoma meta- 
static to an upper jugular chain node.? We recently 
studied two patients in whom Gd-DTPA-enhanced 
MRI performed with T1-weighting and fat suppres- 
sion correctly identified the location of the occult 
primary lesion. 


CASE REPORTS 


Case 1. À 41-year-old woman was first seen in 
August 1988 complaining of a painless, right-sided, 
cystic-feeling neck mass. This was thought to be a 
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branchial cleft cyst and was excised from the 
subdigastric region of the right side of the neck. 
Histologic findings at that time were consistent with 
branchial cleft cyst. Three years later the patient 
developed a second cystic right-sided neck mass in 
theright posterior triangle. The otolaryngologic find- 
ings were otherwise normal. The patient was a non- 
smoker and nondrinker. The cystic mass was excised 
and proved to be necrotic squamous cell carcinoma 
metastatic to the cervical lymph nodes. 


Prior to panendoscopy, an MRI scan was per- 
formed (Fig 1). The T1-weighted Gd-DTPA-en- 
hanced axial images with fat suppression demon- 
strated an area of asymmetric enhancement deep in 
the tongue base on theright side. Biopsy of this region 
demonstrated squamous cell carcinoma. 


Case 2.A 38-year-old man presented with a cystic- 
feeling mass in the right upper anterior triangle of the 
neck. The otolaryngologic examination yielded nor- 
mal findings, and a needle aspirate of the lesion 
revealed fluid consistent with a diagnosis of branchial 
cleft cyst. A computed tomography (CT) scan was 
done that revealed a solitary cystic mass 2 cm in 
diameter in the right subdigastric region. The mass 
was excised and proved to be necrotic squamous cell 
carcinoma metastatic to a cervical lymph node. 


An MRI scan (Fig 2) demonstrated a subtle asym- 
metric enlargement of the right faucial tonsil that 
contained a small area of nonenhancement. This was 
best demonstrated on the T1-weighted Gd-DTPA— 
enhanced axial images with fat suppression. On the 
basis of this information, the tonsil was excised 
despite completely normal findings on physical ex- 
amination. A small occult squamous cell carcinoma 
was found in the deep tissues of the tonsil. 


DISCUSSION 
These two cases illustrate the efficacy of Gd- 


From the Department of Diagnostic Radiology, Oregon Health Sciences University, Portland, Oregon. Dr Wensel is currently at the Department of 
Diagnostic Radiology, University of Arizona Medical School, Tucson, Arizona. 


REPRINTS — J. Michael Talbot, MD, Dept of Diagnostic Radiology, Oregon Health Sciences University, 3181 SW Sam Jackson Park Rd, Portland, 


OR 97201-3098. 
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Fig 1. (Case 1) A) Axial T1-weighted magnetic resonance image through tongue base. Lesion in right side of tongue base is not 
readily apparent. B) Gadolinium-enhanced T1-weighted image obtained with fat suppression algorithm clearly demonstrates 
asymmetric enhancement deep in right side of tongue base (arrow). Biopsy of this region demonstrated squamous cell carcinoma. 


DTPA-enhanced, fat-suppressed MRI for the detec- 
tion of clinically occult squamous cell carcinomas. 
Although the MRI findings in both cases were very 
subtle, the specific knowledge that cystic squamous 
cell carcinoma metastases are nearly always from the 
tonsil or tongue base, coupled with these findings, 





Fig 2. (Case 2) A) Conventional T1-weighted axial image obtained at level of fau 


directed surgical biopsy to the correct area. Case 2 
failed to show the primary lesion on a CT scan; hence, 
the superiority of MRI over CT was illustrated in this 
instance. Furthermore, neither lesion was well seen 
on the unenhanced MRI sequences. In both cases it 
was felt that the Gd-DTPA-enhanced, fat-suppressed 





3f 
cial tonsils. Suggestion of tonsillar asymmetry 


is discernible. B) T1-weighted image with gadolinium enhancement and fat suppression better defines asymmetry suggested in 
A, and reveals small focus of nonenhancement within right faucial tonsil (arrow). 
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images provided the most diagnostic information, in 
agreement with the findings of previous authors.?? 


The histologic examination of the cystic neck 
metastases in these two cases demonstrated no con- 
vincing evidence that they were carcinomas arising 
in branchiogenic cysts. The current opinion is that 
carcinoma arising in a branchiogenic cyst is either 
extremely rare or perhaps nonexistent. The late oc- 
currence of the second metastatic episode in case 1, 3 
years after the first cystic metastasis was removed, is 
not unusual. Micheau et al? reported on 27 patients 
with cystic squamous cell carcinoma metastases to 
the neck. The primary lesion in the tonsil or tongue 
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base was not discovered in 6 of the 27 until 3 or more 
years had passed. Their experience also suggests that 
these patients have a better prognosis than the patient 
with larger tonsillar and tongue base carcinomas and 
solid neck metastasis. 


Precise localization of the primary tumor is valu- 
able in patients with cystic neck metastasis, allowing 
for a more informed consideration of treatment op- 
tions that generally include radiotherapy with or 
without surgery. If the nasopharynx can be elimi- 
nated as a possible source of primary lesions, the 
morbidity associated with irradiation of this region 
can be avoided. 
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INTERNATIONAL HEARING AID CONFERENCE 
GENERAL ANNOUNCEMENT AND CALL FOR PAPERS 


An International Hearing Aid Conference will be held June 15-17, 1993, at The University of Iowa, Iowa City. For information 
on registration and accommodation, contact the Conference Center, University of Iowa, Memorial Union, Iowa City, IA 52242; (319) 
335-3231, Fax (319) 335-3407. For information on Call for Papers, contact Regina Tisor (319) 356-2471, fax (319) 356-4547. We have 


applied for Continuing Education Units from ASHA and HAIC. 
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OBJECTIVE MEASUREMENTS OF INNER EAR FUNCTION AND DYSFUNCTION 


The Objective Measurements of Inner Ear Function and Dysfunction: Sixth Annual Electrocochleography (ECoG)/Otoacoustic 
Emissions (OAE) Seminar and Video Workshops will be held February 17-20, 1993, in Denver, Colorado. For further information, 
contact Apryl Salz or Janc Wells, Meeting Coordinators, c/o I. Kaufman Arenberg, MD, FACS, 300 E Hampden Ave, Suite 401, 
Englewood, CO 80110; phone 303-850-9545; fax (303) 788-4234. 
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PATHOLOGY CONSULTATION 
NONSQUAMOUS CARCINOMAS OF THE LARYNX 


JOHN G. BATSAKIS, MD 


MARIO A. LUNA, MD 


ADEL K. EL-NAGGAR, MD, PHD 


HOUSTON, TEXAS . 


Nonsquamous carcinomas make up fewer than 1% of all epithelial malignancies of the larynx. The majority are subsurface in origin 
and arise from seromucous glands of the larynx. Adenoid cystic carcinoma is not only representative of this group, itis the most prevalent. 
All other salivary-type carcinomas are rare. Rarer still are surface adenocarcinomas. Neuroendocrine carcinomas appear to constitute 


the majority of so-called laryngeal adenocarcinomas. 


No more than 1% of the epithelial malignancies of 
the larynx are nonsquamous in type (Table11-5). This 
low incidence makes them even less common than 
their counterparts in the sinonasal tract. Like those 
higher in the airway, the neoplasms can be imper- 
fectly separated into ones that are surface and ones 
that are nonsurface (seromucous gland) in origin. In 
the larynx, the subsurface carcinomas outnumber the 
surface-origin nonsquamous carcinomas by a very 
considerable margin, with adenoid cystic carcinoma 
the most frequent and most readily recognized. The 
histologic equivalent of the papillary low-grade sur- 
face adenocarcinoma of the paranasal sinuses must 
be exceedingly rare. The present authors have never 
seen one. 


SUBEPITHELIAL AND INTRAEPITHELIAL 
GLANDS 


The sites of origin of the nonsquamous carcinomas 
of the larynx follow the anatomic distribution of the 
larynx’s subepithelial glands and the intraepithelial 
mucous glands. Approximately two thirds of the 
adenoid cystic carcinomas are in the subglottis. The 
other nonsquamous carcinomas, in contrast, are rarely 
subglottic, with supraglottic and transglottic involve- 
ment being nearly equal. 


The subepithelial glands are part of the mucociliary 
system of the laryngeal mucosa and are either purely 
mucous (usually small and tubular) or larger and 
branched tubuloalveolar seromucous glands. Secre- 
tory end-pieces are asymmetrically arranged around 
the duct system. 


The number, distribution, and density of the glands 
in macroscopically normal adult laryngeal mucosae 
have been described by Bak-Pedersen and Nielsen, 


and the following is derived from their studies.7-? 
There is an increase in the median gland count from 
the subglottis, to over the glottis, to the supraglottis: 
263, 271, and 371, respectively. The subglottic glands 
extend anteriorly and posteriorly from the lower 
border of the cricoid cartilage, without any differ- 
ences in transition from the trachea, cranially up to 
the most medially prominent part of the vocal cord. 
The glottic area shows a considerable variation in 
gland count. The highest numbers are in the floor of 
the sinus of Morgagni and in the false vocal cord. The 
lowest count is in the true vocal cord, The presence of 
glands centrally on the surface of the vocal cords is 
rare. Glands are found quite anterior in the anterior 
commissure or posteriorly toward the arytenoid re- 
gion. In the supraglottis, the greatest number of 
glands are in the false cords, the aryepiglottic region, 
and, anterior, at the caudal part of the epiglottis. The 
aryepiglottic folds and the most cranial part of the 
epiglottis contain the fewest glands. 


The overall density of glands in the intrinsic larynx 
has been estimated to be between 23 and 47 glands 
per square centimeter. The lower part of the glottic 
region shows the greatest differences in density: 13 


TABLE 1. NONSQUAMOUS CARCINOMAS OF LARYNX 
No. of 


No. of Laryngeal 
Laryngeal Nonsquamous 


Authors Neoplasms Carcinomas % 
Whicker et al! 3,100 27 0.9 
Spiro et al? 2,793 14 0.5 
Ferlito? 2,052 21 1.0 
Sessions et al* 888 9 0.1 
Eschwege et al? 1,342 5 0.4 
Cohen et al® 2,967 18 0.6 

Total 13,142 94 0.7 


From the University of Texas M. D. Anderson Cancer Center, Houston, Texas. 
REPRINTS — John G. Batsakis, MD, Dept of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 


77030. 
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TABLE 2. "ADENOCARCINOMA" AND ADENOID 
CYSTIC CARCINOMA OF LARYNX 


" Adeno- Adenoid Cystic 
Characteristic carcinoma" Carcinoma 
No. of patients 50 33 
Male to female ratio 1:11 3:1 
Age at diagnosis (y) 46-80 29-75 
(mean 63) (mean 48) 
Location 
Supraglottis 37 1i 
Subglottis 8 18 
Glottis 0 2 
Transglottic 5 2 
Metastases to cervical 
lymph nodes at first 
presentation 30 (60%) 6 (18%) 
Death because of 
carcinoma 33 (66%) 9 (27%) 
Average survival of 
patients dying of 17.5 (range 49.4 (range 
carcinoma (mo) 3-69) 12-79) 


Cases collected from references 1, 2, 5, 6, 12-18. 


glands per square centimeter on the vocal cords to 
128 per square centimeter on the false vocal cords and 
medial wall of Morgagni’s sinus. The greatest con- 
centration of glands is in the saccule (139 glands per 
square centimeter), and this region is also the one 
with the greatest median density (82 glands per 
square centimeter). There is a very low density of 
glands in the extrinsic laryngeal regions (epiglottic 
vallecula, pyriform recess, postcricoid region), with 
the valleculae and pyriform recess having the most 
constant occurrence and density. 


Intraepithelial glands are distinct from subepithelial 
glands. A typical intraepithelial gland is made up of 
15 to 30 mucus-secreting cells with a structure like 
that of goblet cells. They extend from the epithelial 
surface down toward the basement membrane, on 
which they may rest, but which they do not penetrate. 
The cells are radially placed around a narrow lumen 
that extends to the epithelial surface, where it de- 
bouches in a narrow stoma. Irregularly distributed in 
the larynx, intraepithelial glands are most numerous 
in the supraglottis and least numerous in the subglot- 
tis. In any laryngeal region the glandular areas mea- 
sure from 0.25 to 60 mm? (median 4 mm?). There is 
a significant negative correlation between the occur- 
rence of intraepithelial glands and that of subepithelial 
glands in the supraglottis. 


NONSQUAMOUS CARCINOMAS 


Except for adenoid cystic carcinomas, salivary- 
type carcinomas are rare in the larynx. Even pleo- 
morphic adenomas are almost curiosities in the lar- 
ynx. Immunocytochemical methods have now ap- 
propriately classified as neuroendocrine neoplasms 


many types formerly included under the generic 
heading of adenocarcinoma.!Ó These in turn are 
subtyped as typical or atypical carcinoids and small 
cell neuroendocrine carcinomas.!? 


For mucopidermoid carcinomas, there are no spe- 
cific techniques to help establish the diagnosis. Pa- 
thologists have to rely on subjective interpretations 
based on a histologic similarity to mucoepidermoid 
carcinomas of the major and oral salivary glands, a 
taxonomically ambiguous intracellular mucin, or 
worse, extracellular mucoid changes to support a 
diagnostic impression. The finding of mucin within 
cells of a mucosal or submucosal neoplasm is not 
enough to frame a diagnosis of mucoepidermoid 
carcinoma. 


Damiani et al!! have suggested there is a con- 
tinuum of laryngeal surface carcinomas: 1) non- 
mucin-producing squamous cell carcinoma, 2) squa- 
mous cell carcinoma with unicellular mucin produc- 
tion, 3) mucoepidermoid-adenosquamous carcinoma, 
4) adenocarcinoma with variable degrees of squa- 
mous metaplasia, and 5) pure adenocarcinoma. The 
combining of mucoepidermoid carcinoma with adeno- 
squamous carcinoma reflects the difficulty surgical 
pathologists have in distinguishing between these 
two carcinomas in mucosae. 


Even considering the two carcinomas as a diagnos- 
tic unit, it is evident that they are uncommon neo- 
plasms in the larynx. In their report of 21 muco- 
epidermoid-adenosquamous carcinomas from the 
Armed Forces Institute of Pathology (AFIP) files of 
1945 to 1979, Damiani et al!! indicated there had 
been only 32 previously reported cases in the world’s 
literature. 


If the histologic appearances permit, it is important 
to separate the mucoepidermoid-adenosquamous car- 
cinoma group into high and low grades because of the 
marked differences in prognosis. Eight of the 21 
AFIP neoplasms were called low-grade mucoepi- 
dermoid carcinomas. (The descriptions and photomi- 
crographs are appropriate.) Nine, according to the 
authors, were more appropriately considered adeno- 
Squamous carcinomas than mucoepidermoid carci- 
nomas. By an actuarial method, the 3-, 5-, and 10- 
year survival for all of the low-grade mucoepidermoid 
carcinomas was 100%, regardless of clinical stage (6 
of the 8 were stage 1 or 2). For the adenosquamous— 
high-grade mucoepidermoid carcinomas, the sur- 
vival followed clinical stage and grade, and was 53% 
at 3 years posttherapy. 


On the basis of our own experience and that of the 
AFIP, it is safe to presume that except for low-grade 
mucoepidermoid carcinomas, other supposed grades 
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of that carcinoma in the larynx are much more likely 
to be adenosquamous carcinomas. 


The requirement for an adenocarcinoma and a 
squamous cell carcinoma to be present in the same 
neoplasm with readily light-optic demonstrable in- 
tercellular bridges and keratinization in the squa- 
mous carcinoma component should reduce possible 
confusion with mucoepidermoid carcinoma. A nearly 
constant presence of an in situ or superficial squa- 
mous cell carcinoma also points to an adenosquamous 
carcinoma. Adenosquamous carcinomas have the 
property of involving the surface mucosa, an ability 
rarely seen in mucoepidermoid carcinomas. Adeno- 
squamous carcinomas are usually deeply invasive 
and manifest a decided tendency to shed their squa- 
mous phenotype and to become more like a poorly 


differentiated adenocarcinoma in the deep parts of 
the neoplasm. 


There is also a frustrating lack of clarity in what 
constitutes an "adenocarcinoma" of the larynx after 
exclusion of adenoid cystic carcinoma. From the 
literature one gets the distinct impression that the so- 
called adenocarcinomas are poorly differentiated, 
large, bulky, and preponderantly supraglottic neo- 
plasms that are subsurface in origin. When photomi- 
crographic illustrations are available, many, if not 
most, have a neuroendocrine appearance. At the risk 
of comparing "apples and oranges," we present in 
Table 2 25612-18 data on laryngeal adenocarcinomas 
and adenoid cystic carcinomas. !2-!8 We have exclud- 
ed tumors labeled mucoepidermoid or adenosquamous 
carcinoma from the adenocarcinoma group. 
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